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INTRODUCTION 
Pollution is defined as undesirable change in the 
physical, chemical and biological characteristics of air, 
land and water, that may or will harmfully affect human 
life or that of desirable species, industrial process, liv-
ing conditions and cultural assets or that may or will waste 
or deteriorate our raw material resources (Odum, 1971). 
Pollution increases not only because of increase in human 
population that space available to each person becomes 
smaller but also because the demands per person are conti-
nually increasing so the production of wastes is increasing 
year by year. Pollutants are results of unlimited exploita-
tion of resources and inevitable byproducts of transportation, 
industry and as these human activities expand pollution 
increases. Man's insatiable greed for improving quality of 
life has resulted in rapid growth of industries and urban 
areas. Industrial wastes and b3rproducts are released into 
the environment-in the air, land and water. The pollutants 
that are released in air are the cause of air pollution. 
The air pollutants are of different kinds but are 
broadly grouped into two categories-gaseous and particulates. 
The major gaseous air pollutants are sulphur dioxide (S02)» 
nitrogen oxides (NOx), carbon monoxide (CO), ammonia (NH^), 
chlorine (CI2), ethylene (02%), hydrogen fluoride (HF), 
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Ozone (0,), peroxyacetyl nitrate (PAN) etCo The particulate 
air pollutants are coal dust, flyash, cement dust and the 
soil-dust particles. On the basis of their origin air 
pollutants are divided into two kinds (1) Primary pollutants 
which originate directly from the source such as SOp* CO, 
COp, NH:5, HF, NOx etCo (2) Secondary pollutants are produced 
by the reaction of primary pollutants with the other environ-
mental factors, such as 0-,, PAN etc, (Wood, 1968). These 
pollutants affect the living beings by direct contact or 
with the atmospheric precipitation. Some of the primary air 
pollutants are converted into the acids after the contact 
with water and the atmospheric preceiptation. It is said to 
be as 'acid rain' which is primarily due to the air pollution 
(Oden, 1958)o 
Air pollutants affect plants directly and indirectly. 
Over 90% of the weight of green plant is derived from the 
atmosphere. Whether the role of atmosphere is destructive 
or beneficial is thus directly related to the air quality. 
Air pollutants are transferred to plant surfaces by deposition 
processes including absorption and adsorption of toxic gases, 
and gravitation settling of poisionous particulate matter 
(Pell, 1979). The pollutants released in the atmosphere 
cause stress on the plant life and this stress may lead to 
reduced yield. Significant reduction in yield can result 
without visible sign on the plants. A number of air pollutants. 
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however, induce injuries of various kinds in a number of 
agricultural, horticultural and other crops. In U.S.A., it 
is estimated by the Environmental Protection Agency that in 
1976 annual losses to agriculture production caused by 
diminished air quality was around 2,9 billion dollar. It 
has been observed that air pollutants cause losses in soybean, 
peanut, cotton, tobacco, vegetable crops, ornamentals and 
other different kinds of plants. 
Root-knot nematodes (Meloidogyne species) are one of 
the most important group of plant pathogens infecting a large 
number of plants of economic importance all over the world. 
They are ubiquitous in distribution and agricultural crops 
are readily attacked by them. Of all the 57 species of 
Meloidogyne described so far, 4 species viz. M. incognita, 
M, pavanica, M. arenaria and M. hapla are recognised as major 
species as they are most common and damaging (Triantaphyllou, 
1982; Taylor jet al,, 1982). All kinds of crops like cereals, 
vegetables, pulses, fibre-yielding crops, fruit crops, 
ornamentals, plantation crops etc, are attacked by root-knot 
nematodes. The average crop yield loss are estimated to be 
about 25% with damage in the individual fields ranging as high 
as 60% (Sasser, I98O; Sasser and Carter, 1982). They induce 
galling on the roots and their saccate sedentary females find 
feeding sites in the stelar region of the roots and by 
establishing intimate host-parasite relationship induce 
development of giant cells around their necks which serve as 
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their source of nutrition. The feeding of the nematodes 
has great impact on the host phyGiologyo The extensive 
anatomical and physiological changes within the host, impairs 
its various physiological functions. 
Root-knots nematode also interact with a number of 
fungal and bacterial plant pathogens. Interactive effects 
are generally at disadvantage to the host. Synergistic 
relationship between root-knot nematodes and several root-
infecting fungi like species of Fusarium, Rhizoctonia, 
Pythium, Verticillium, Sclerotium etc. are well-established 
(Powell, 1971, 1979; Khan, 1984). Intractions of root-knot 
nematodes with nodule-forming bacteria have been studied on 
some legiiminous crops. The importance of symbiotic nitrogen 
fixation by nodule-forming bacteria of the genus Rhizobium 
is well known for many years. However, the role of root-knot 
nematodes in the symbiosis between bacteria and legumes is 
much less well known. Root-knot nematodes, legumes and 
bacteria are all inter-connected in complex waySo It is 
established that the concurrent nematode infection reduce the 
total benefit from the nitrogen fixing bacteria. Environmental 
conditions also affect interaction in this system (Dropkin, 
1980). 
As air pollution affects plants directly or indirectly, 
it is plausible to expect that organisms, parasitic or non-
parasitic associated with the plants will be also be influenced 
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in some way. Various air pollutants affect symbiotic nitrogen 
fixation at different levels. In general N~fixation is inhi-
bited resulting from reduction in the nodulation and supp-
ression in bacterial population because of impact of air 
pollutants on plants. Ozone (0,), sulphur dioxide (SOp)* 
and particulate matters have been found to suppress N-fixation 
by the species of Rhlzobium (Tingey and Blum, 1973; Shriner 
and Jhonston, 1981), 
There are a few reports indicating influence of air 
pollutants on plant parasitic and saprobic nematodes but 
little work has been done on this aspect. It has been observed 
that when soybean plants inoculated with nematodes were exposed 
to 0, and O^-SOp mixture in combination or singly, inhibition 
in reproduction and development of Heterodera glycines and 
Paratrichodorus minor was found but Belonoliamus longicaudatus 
remained unaffected. On the other hand, reproduction of 
Pratylenchus penetrans was enhanced, when exposed to SOp and 
compared with that in plants exposed to charcoal filtered air 
control or 0^. Nodulation in plants parasitised by B. 
longicaudatus, P. minor was inhibited, but in plants parasi-
tised by P, penetrans no such effect was observed. Because 
of severe inhibition of nodulation by H, glycines, nodulation 
did not differ from those treated only with pollutants 
(Weber et al.» 1979). In a study on interaction of 0, and 
P. penetrans, it has been found that negative effects of O-z 
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was enhanced in the presence of £. penetrans (Shew et al., 
1982), Tobacco plants infected with root-knot nematode, 
Meloidogyne hapla are reported to become more susceptible to 
ambient ozone (Bisessar and Plamer, 198A), 
In India, air pollution through industries is becoming 
increasingly common. Thermal Power Plants, oil refineries and 
other small industrial units using coal or oil as fuel are 
major sources of air pollution in India, A variety of crops 
including pulse crops are grown around such industries, which 
might suffer a great loss in case one or other disease becomes 
more aggressive under specific pollutant conditions, A Thermal 
Power Plant in Kasimpur situated in Aligarh district in Uttar 
Pradesh about 15 km from the Aligarh Muslim University campus 
within the parallels 27*29' and 28011' north latitude and 
77*29' and 78*38«east longitude at 640 ft, above the sea levels 
is known to cause air pollution in the area. Impact of air 
pollutants emanating from this Thermal Power Plant on growth 
characteristics and anatomical features of some plants have 
been studied (Ghouse and Amani, 1978; Ghouse and Khan, 1978), 
But no work has been done to assess the interactive effect 
of air pollutants and root-knot nematodes. Interaction of 
air pollutants and plant parasitic nematodes have not received 
the attention of investigators in India and only a few 
attempts have been made in some developed countries. 
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What would be the impact of air pollution on plants 
when they are infected with root-knot nematodes is the central 
theme of the proposed work. To answer this question substan-
tially, elaborate work is requiredo Pulses are one of the 
most important group of cultivated crops of India and are 
major source of protein for a large vegetarian population 
in the country. Currently there is emphasis for increasing 
their productivity in our country to meet the demands. In 
the first instance, it is planned to study the aspects 
enlisted below in relation to pulse crops which are commonly 
grown around the Thermal Power Plant at Kasimpur and are 
readily attacked by root-knot nematodes« Additionally, they 
have symbiotic association with nodule-forming bacteria. 
This system with components-hosts (pulses), parasite (root-
knot nematode) and nodxile-forming bacteria (RhizobiTom) will 
be a suitable model to ascertain the impact of air pollution 
on this system. To quantify the effect of various kinds of 
air pollutants, some experiments will be conducted under 
glass-house condition using air pollutant exposure chambers. 
It is proposed to study the following aspects: 
A. Site Studies 
1« Collection of meteorological data and baseline'data on 
air pollutants at the experimental site, the Thermal Power 
Plant, Kasimpur, Aligarh and demarcation of polluted and 
unpolluted regions around the site© 
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2« Analysis of soil characteristics collected from different 
sites in the polluted and unpolluted regions, 
3« Survey of pulse crops to assess the incidence and intensity 
of root-knot disease in polluted and unpolluted regionse 
4, Observations on direct effect of air pollutants on plants 
and root-nodulation with or without root-knot disease. 
5« Histopathological, physiological and 'biochemical studies 
of root-knot nematodes infected plants collected from 
polluted and unpolluted regions, 
6, Morphometric studies and identification of species and 
races of root-knot nematodes collected from pulluted and 
unpolluted regions, 
B, QlaashouEe and Laboratory Studies; 
1, Effect of different doses of SO2, 0,, NH-, singly and in 
combinations as well as of particulates and simulated 
acid-rain on the crop productivity, root-knot nematodes 
and root-nodulation, 
2# Histopathological, physiological and biochemical studies 
of root-knot infected plants exposed to various air 
pollutants as in 5 of A, 
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3c Morphometrie and population studies of roor-knot 
nematode from plants treated with different air pollu-
tants. 
4, Growth of root nodule bacterium (Rhizobium) in pure 
culture under stress of different air pollutants. 
5. Studies on influence of soil collected from the polluted 
areas on crop productivity and the infectivity and 
development of root-knot nematode and root- nodule 
bacteria, separately and concomitantly. 
LITERATURE REVIEW 
The atmosphere surrounding the urban and industrial 
regions of the world contains a mixture of chemicals commonly 
referred to as air pollutants. Heck (1982) suggested that 
in conducting agricultural research it is must to understand 
the inter-relationship between air quality and agricultural 
plant ecosystem. Many chemical substances in the air are 
toxic to plants. The four most important of these in the 
order of their phytotoxicity are ozone (0,), sulphur dioxide 
(SOp)* nitrogen dioxide (NO2) and ammonia (NH^), 0, alone or 
imcombination with SOp and/or NOp, is responsible for upto 
90% of the crop losses is some cases (Heck £t al., 1982). 
Consequently, these phytotoxic air pollutants, alone or in 
mixtures, are of great concern to agricultural scientists. 
Air pollutants causing plant diseases are also called plant 
pathogens (Wood, I968), They injure plant foliage, signi-
ficantly alter their growth and yield and change the quality 
of the marketable plant products. The air pollutants are 
also supposed to increase or decrease the plant diseases 
caused by biotic plant pathogens (Heagle, 1973). 
Air pollution is a source-transport-effect phenomenon 
and as such is analogous in many ways to the plant disease. 
To obtain a clear understanding of how air pollutants affect 
plants, it is important to know what are compounds that damage 
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plants and where and how they originate. Broadly the air 
pollutants are of two types (Wood, 1968): 
1, Primary pollutants 
2. Secondary pollutants 
Primary pollutants are those that originate at the 
source in a form toxic to plants, e.g. SOp, HF, NH^, CO, COp, 
etc. Secondary pollutants are the result of reactions between 
pollutants originating from the source and other atmospheric 
factors e.g. PAN, 0,, acid rain. On the basis of their 
physical appearance the air pollutants can also be grouped 
into two categories - gaseous and particulate air pollutants. 
The most common gaseous air pollutants injurious to plants 
are 0,, PAN, SO2, CI2, ^2^* ^* ^^* ^^^ ^^^* ^^'^ ^^^ major 
particulate air pollutants includes coal dust,fly ash, cement 
dust, soil-dust particles etc. Some primary air pollutants 
i.e« NOx, SOp released into the atmosphere, when come in 
contact with the water and atmospheric precipitation are 
converted into the acids and fall down. This condition of 
environmental pollution is called 'acid rain' (Likens and 
Bormann, 1974). According to Das (1986) acid rain is the 
most acute and severe air pollution problem in developed 
countries while in the developing countries acid rain problem 
is not so serious. The particulate air pollutants are the 
major problem in developing countrieso In India, 40-44% of 
air pollutants are particulate matters and these are extremely 
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troublesome posing a great threat to plants and other living 
beings (Das, 1986)o 
Air Pollution Effects on Plants 
Study of plant diseases caused by air pollution began 
in the 19th century (Heagle, 1973). As the pathogenic 
diseases, the extent and nature of injury or damage caused 
by air pollutants is determined by genetic and environmental 
factors of plant as well as by level and duration of exposure 
to pollutants. The terms injury and damage are often used 
interchangeably (Guderian et al., 1960), The designation 
'pathogen* is given to the living inducers of diseases by 
many pathologists. But diseases induced by abiotic factors 
e.g. air pollutants, drought, extremes of temperatiire etc, 
have many features in common with those induced by biotic 
pathogens. For this reason. Cowling and Horsfall (1979) 
preferred to use term 'pathogen' to denote any inducer of 
disease. Several workers have reported the effects of 
different air pollutants on the plants. These pollutants 
affect physiology and biochemistry of plants resulting in 
the visible symptoms like chlorosis, necrosis, early senescence, 
stunting and several others depending upon the types of air 
pollutant involved (Darley and Middleton, 1966; Brandt and 
Heck, 1968b; Barret and Benedict, 1970), 
- ^ J > ' 
Gaseous air pollutants (Primary type):-
Sulphur dioxide (SOQ): 
Sulphur dioxide, a pollutant knovra for more than 100 
years to be pathogenic to plants is emitted from the combus-
tion of coal, production, refining and utilization of 
petroleum and natural gas, manufactioring and industrial 
utilization of sulphuric acid and sulphur and the smelting 
and refining of ores, especially of copper, lead, zinc and 
nickel. The combustion of coal represents the major source 
of SOp and the amount of SOp emitted depends upon, among the 
other things, the sulphur contents of the coal varying from 
1% to 6% of the total weight. The coal burning power plants 
represent the most important single source of SOp (Wood, 1968), 
The concentration of sulphur dioxide at ground level depends 
upon the amount and concentration(s) of emissions, distance 
from the source and meteorological and topographical condi-
tions. In general, SOp concentration decreases rapidly with 
distance from the source and with increased air movement© 
SOp concentration near point sources, such as coal burning 
power plants and smelters, with little or no pollution control 
equipment, may be high as 1-3 ppm. In large urban areas SOp 
concentration may range from 0,05-0.40 ppm (Heagle, 1973)© 
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In general, SOp causes several types of symptoms on 
plants and plant parts. It enters through the stomata in the 
mesophyll tissue of the leaves and reacts with water to 
produce sulphite ion which is slowly oxidized to sulphate 
ion. The sulphate ion may then be utilized by the plant as 
nutritional sulphur and converted to organic form (Thomas 
et al,, 1944)0 The sulphite and sulphate ions are toxic to 
plant cells when present in excessive amountsc The sulphite 
ions are, however, about 30 times more toxic than the sulphate 
ion (Thomas et al., 1943). The first report on the affects 
of ambient SOp on plant life was made in 1905 (Haywood, 1905). 
Due to the SOp two general types of markings designated as 
chronic markings and acute markings, appear depending upon 
the accumulation of sulphite ions. The chronic type markings 
are general chlorotic appearance of the leaf, mild chlorosis, 
yellowing of leaf, silvering or bronzing of the under surface. 
In some plants white type of chronic markings and appearance 
of red, brown or black coloured patches on the leaves are seen 
(Barrett and Benedict, 1970). Acute injury resulting from 
the absorption of lethal quantities of SOp appears as marginal 
or intercostal areas of dead tissue. These areas at first 
show a grayish-green water-soaked appearance but on drying 
become bleached ivory in colour. The brown, red or black 
colours may be dominated. After a period of time, the dead 
or necrotic areas may fall out leaving a very ragged appea-
rance on the leaf. When the major portion of the leaf is so 
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injured an abscission layer often forms at the base of the 
petiole and the leaf is shed (Barrett and Benedict, 1970), 
At low concentration, it causes chlorosis of leaves without 
formation of necrotic lesions and the veins characteristically 
remains green (Darley and Middleton, I966; Agrios, 1978), 
As SOp enters through stomata, factors that affect 
stomatal opening affect the response of plants to SOp 
(Thomas, 1951,1961; Negherborn, I966; Daines, I968). Generally, 
SOp reduces net photosynthesis in all plants at all concen-
trations but dark respiration and transpiration are increased. 
Short and long term exposures have similar effects in this 
respect (Black and Unsworth, 1979; Mc Laughlin, et_al., 1979; 
Takemoto and Noble, 1982; Saxe, 1983a). Plants generally show 
rapid recovery of these processes after termination of exposure 
lasting upto several days. 
The effects of SOp on the enzyme systems and metabolic 
processes have been studied by several workers who observed 
the changes in the activities of many enzyme. These changes 
are affected by SOp concentration, plant species, plant age 
and environment. In some cases, enzyme activity is increased 
by exposure of the plants to low levels of SOp and decreased 
by higher concentrations (Horsman and Wellburn, 1977; 
Soldatini and Ziegler, 1979; Wyss and Brunold, 1980; Pierre 
and Queiroz, 1982; Tanaka et al., 1982). Plant metabolism 
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is affected by SOp in a variety of ways. SOp stimulates 
phosphorus metabolism (Plesnicar, 1983) and reduces foliar 
chlorophyll concentration (Pandey and Rao, 1978; Lauenroth and 
Dodd, 1981). Carbohydrate levels are increased by low con-
centration of SOp and decreased by higher concentrations 
(Kozoil and Jordon, 1978). 
Due to the effects of SOp on physiology and bio-
chemistry of plant, growth, development and productivity are 
also affected significantly. The effects of SOp in both 
glasshouse and ambient are were studied by the several workers. 
In the open top polythene chambers, wheat plants were exposed 
to 0»8 ppm SOp 2 h daily for 60 days, although no chlorosis 
or necrosis in their leaves developed at any stage of their 
growth, reduction in root and shoot lengths, number and area 
of leaves per plant, biomass, productivity, number of grains 
per spike were reported (Pandey and Rao, 1978). In an 
exposure of 0,1 to 0,6 ppm SOp upto 100 h, the wheat plant 
was less tolerant than maize and differences in sensitivities 
among cultivars were observed (Laurence, 1979)o When the 
soybean was exposed to 0.09 to 0.79 ppm in a open air fumiga-
tion chamber, visible injury was not observed frequently while 
the reduction in the yield was fotrnd significantlyo (Sprugel 
et al., 1980). In groundnut, exposed to SOp ranging from 
0,06 to 1,00 ppm for 4 h daily for 6 weeks, the necrotic 
lesions and reduced net primary productivity were noticed at 
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Oo25 ppm concentration and aboveo Below 0o25 ppm concentra-
tion, SOp was slightly beneficial to the plant productivity. 
Sulphur content of plant increased while nitrogen and 
phosphorus contents decreased with increasing concentrations 
of SOp (Mishra, 1980), In the alfalfa exposed continuously 
to 0,036 ppm concentration of SOp, slight increase in biomass 
was reported (Lockyer and Cowling, 1981), while the biomass 
and yield of all the plant parts of snap-bean were adversely 
effected above 0,1 ppm concentration of SOp for 12 h per day 
till 5 days per week (Saxe, 1983 b). Tomato plants exposed 
to 0,12 ppm concentration of SOp for 72 h per week for 5 or 
10 weeks showed slight decrease in ascorbic acid of ripe 
fruit but no effects were noticed on fruit yield and other 
soluble and total solid contents (Lotstein e_t al,, 1983) o 
Tobacco plants were found more tolerant to 0,02 ppm concen-
tration of SO2 than cucximber, treated continously for 21 
weeks. The dry weight of the plants was reduced, roots were 
more affected than the shoots and the flowering was also 
affected markedly (Mejstrik, 1980). 
Oxides of Nitrogen (NOx): 
Nitric oxide (NO) and nitrogen dioxide (NOp) are the 
two more significant gases in the nitrogen oxide groups of air 
pollutants which are produced primarily by high-temperature 
combustion (Taylor and MacLean, 1970), Nitrogen oxides are 
produced from the oxygen and nitrogen in the air by hot 
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combustion sources, such as open fires, furnaces and automobile 
combustion chambers. Combustion of petroleum products are the 
major source of NQx. In this process nitric oxide is oxidised 
to nitrogen dioxide (Benedict and Breen, 1955 b; Agrios, 1978). 
Nitrogen dioxide in concentrations of 2-3 ppm causes bleach-
ing of plants similar to that caused by SOp and it also produces 
necrotic lesions and excessive defoliation (Mac Lean e_t al., 
1968; Agrios, 1978), There is no report of visible symptoms 
of leaf injury from nitric oxide (Taylor and Mac Lean, 1970). 
Acute foliar markings produced by high concentration of NOp 
exposure are characterised, by water-soaked lesions, which 
first appear on the upper leaf surface followed by rapid 
tissue collapse. These lesions with time extend throughout 
the leaf and produce small irregular necrotic patches. The 
necrotic patches are usually white to tan or brown but some 
time bronze in colour. The interveinal lesions are prominent 
at the apex and along with margins but may occiir on the leaf 
surface (Benedict and Breen, 1955 b; Middleton et al., 1958; 
Taylor and Eaton, 1966; Mac Lean _et al., 1968)0 In cheeseweed, 
Kentucky bluegrass and mustard, NOp exposure resulted in a 
polished, dark waxy coating on the leaf surface which persisted 
for about 1 week after exposure while in sugarbeet NOp developed 
grey glazed appearance on the leaves (Czech and Nothdurft, 
1952; Benedict and Breen, 1955b). Mac Lean et al. (I968) 
observed that besides the foliar symptoms, high concentration 
of NOp causes abscission of leaves and fruit of citrus and 
defoliation of azalea and hibiscus« 
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Although the NOp concentration and duration of 
exposure are both important factors to be considered in 
determining the expected severity of injury to plants in 
the case of high concentration exposures, there is no direct 
relationship between time and concentration, except within 
very narrow ranges. The concentration of NOp influences 
the extent of injury more than the duration of exposure 
(Mac Lean £t^  al.., 1968), In the ambient condition NOg 
affects plant growth even at the concentrations less than 1 
ppm (Taylor and Eaton,1966). But Rogers e_t a2^ , (1979) in 
the study using ambient levels (0.097-0,152 or 0,325 ppm) 
of the NOp for 3 h found that all the nitrogen was metabolized 
in the plant system and showed no significant effect on beans,, 
There are direct evidences that N derived from NOp is obsorbed 
by the exposed plants and translocated throughout plant tissues 
and metabolized into amino acids, proteins, nucleic acids 
and some lipids (Matsumaru et al,, 1979; Rogers et al., 1979; 
Yaneyama jet al,, 1980), It has been also reported that NOg 
can reduce photosynthetic rate in most of the plants (Hill 
and Bennett, 1970; Bull and Mansfield, 1974). In potato, 
reduction in the tuber number and weight and xiltimatly in the 
yield, was found in the plants exposed to the high dosage of 
NO2 (Sinn and Pell, 1984). 
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Fluorlde; 
Fluoride is wide spread in the earth's crust as a 
natural component of soil, rocks and minerals (Mac Intire, 
1945). When these materials are heated to high temperatures 
or treated with acid during industrial processing, toxic 
quantitites of fluoride may be released into the atmosphere. 
The industries which produce aluminium,steel, ceramics, 
phosphorus chemicals, fertilizers etc, are the major sources 
of the fluoride (Treshow and Pack, 1970; Heagle, 1973). The 
major fluorides which are injurious to the plants are 
silicon tetra fluoride (SIF^) and hydrogen fluoride (HF). 
HF is generally considered to be most important (Heagle, 1973). 
Fluoride injury to vegetation commonly results from 
gradual accumulation of fluoride in the plant tissue over a 
period of time. Therefore, the duration of exposure as well 
as the atmospheric concentrations are important in determin-
ing the severity of injury. Symptom expression, however, is 
not always related strictly to the fluoride dosage because 
appreciable amounts are often washed from plant foliage by 
rain and in some cases fluoride may be converted within the 
tissue into forms that are not injurious. Plants take up 
some fluoride from the soil but the amount is generally small 
and its contribution to plant injury is negligible even when 
the soil fluoride content is relatively high (Haselholf e_t alp, 
1932; Mac Intire et al,, 1942), 
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Fluoride are very injurious to some plants while in 
some fluoride accumulates without apparent injury. Fluoride 
is adsorbed and rapidly translocated to leaf tips and margins 
(Jacobson _et al_,, 1966). Fluoride enters the plant leaves 
through the stomata, passes into the intercellular spaces 
and is absorbed by the mesophyll (Thomas and Hendricks, 1956), 
Chamel and Garrec (1977) determined that the movement of 
fluoride through the cuticle is not an important mode of 
entry. From the mesophyll the fluoride may move to other 
cells. With the transpiration stream fluoride moves to the 
leaf tips and margins for accumulation, where the concentra-
tion increases several times higher than the average concen-
tration in the leaf as a whole (Zimmerman and Hitchcock,1956), 
Levels of Oo5 ppb fluoride in air for prolonged 
periods may cause injury to several species of plants. The 
fluoride causes the symptoms of leaves, flowers and fruits. 
Necrosis and chlorosis of leaves may occur. The lesions may 
be grey or light green at first because of the water-soaked 
condition but later become reddish brown to tan. Abscission 
of leaves is also induced by fluoride exposure (Heggestead, 
1968), Fluoride also causes the necrosis in the petals and 
sepals of flower. In the fruit, fluoride causes the premature 
ripening (Treshow and Pack, 1970), Gladiolus is much suscep-
tible to fluoride even at the 20 ppm and necrosis develops 
at the leaf tips and margins. Cotton show no injury even 
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though leaves contained 4000 ppm of the fluoride (Jacobson 
et al,, 1966). Depending upon dosage, injury may appear in 
a few hours, but injury develops most commonly after several 
weeks of exposure. Necrotic or chlorotic lesions with 
continued exposure enlarge and entire leaves may become 
necrotic. Some plants like apricot and peaches retain their 
leaves well even when severely injured. Grapefruits develop 
a distinctive chlorotic pattern after prolonged exposure to 
fluoride (Heggested, I968). 
Ammonia; 
The field injury from gaseous ammonia is reported in 
the field during the use of anhydrous ammonia as fertilizer. 
Ammonia causes acute tissue collapse in the leaves with or 
without subsequent loss of chlorophyll. Leaves show a cocked 
green appearence, becoming brown or remaining green on drying, 
The necrotic spotting along the leaf margins is reported in 
sensitive weed species. In a field observation Benedict and 
Breen (1955a; 1955b) recorded extensive and widespread injury 
within 1-2 miles of the ammonia spill. Complete collapse of 
leaf tissue occured close to the sources. Several sensitive 
species showed blackened tissue at distance upto a mile from 
the spill. Necrotic areas bright tan in colour developedo 
Several cereals and grasses showed necrotic and chlorotic 
interveinal streaking at some distance from the spill» 
! > 
Several other plants showed glazing with or without scattered 
necrotic spotting on the upper surface. Exposure of buck 
wheat, coleus, sunflower and tomato foliage to 40 ppm ammonia 
for 1 h caused significant injury but a slight marginal injury 
was caused at 16,6 ppm, exposed for 4 h (Thornton and 
Setterstrom, 1940). 
Some other pollutants; 
There some other air pollutants like ethylene, 
chlorine, hydrochloride etc, which are quite toxic to plants 
but their effects have not been well studied because of their 
limited sources. 
Ethylene is an essential plant hormone but when it is 
present in the air it causes damage to plant even at the very 
low concentration. Orchids are reported to be injured by 
ethylene at 2 ppb exposed for 24 h (Davidson, 1949) and 
carnations by 0,1 ppm for 6 h (Darley et al^ ,, 1966). At 
higher concentrations, ethylene causes epinasty, chlorosis, 
necrosis, leaf and bud abscission and failure of flower buds 
to open. Low concentrations of ethylene caused production 
of intumescences in transparent apple twigs (Wallace 1927), 
In the cotton field, ethylene caused injury when released in 
the manufacture of certain plastics. The injury reported in 
cotton is similar to the injury caused in rose and other 
plants in the greenhouse (Heck £t al_,, 1961), Cowpea, pea. 
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blackberry and rose are reported as the most sensitive to 
ethylene (Heck et al., 1962)o Ethylene appears to affect 
the older tissues first, however, it also stimulates develop-
ment of new buds (Heck jet al_«» 1970). 
Chlorine causes frequent injury to plants, usually 
in confined and localized areas. The chlorine released in 
the atmosphere from storage tanks and underground lines 
carrying liquid chlorine, water purification plants ana 
chlorination of swiming pools,industrial plants producing 
chlorine and chlorox and to some extent from refineries, 
glass making and incineration of chlorine containing plastics. 
Injury to vegetation is generally noted at distances less 
than a mile from the source. Chlorine in the polluted fields 
caused browning and dropping of the leaves in sugar-maple and 
crab-apple and bleaching of the under surface of older and 
middle aged tulip leaves. Injury to horse-chestnut was 
largely marginal; in Virginia creeper and blackberry inter-
costal markings appeared (Heck _et al., 1970)o Mustard, 
chickweed and sunflower were found to be the most sensitive 
and Kentucky bluegrass, lambs-quarters and pigweed were most 
resistant. Injury was less severe under conditions of low 
soil moisture (Benedict and Breen 1955a, 1955b), The same 
affect of moisture was observed in alfalfa and radish exposed 
to 0,1 ppm of CI2 for 2 h (Brennan et al., 1965). 
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Hydrogen chloride is found to be^  phytotoxic in the 
vicinity of the rocket launching stations, because the 
exhaust from solid rocket fuel contains large quantities of 
hydrogen chloride. For most of the tested plants, HCl has 
been found to have toxicity similar to NOp, with the concen-
tration of 5-10 ppm in a 15-60 min, exposure period 
(Heck _et al., 1980). Swieki et al,. (1982) reported that 
bean leaves with their epiculticular wax were most sensitive 
of HCl. 
Gaseous air pollutants (Secondary type):-
Ozone (0,): 
Ozone is the most important plant pathogenic component 
of photochemical oxidant air pollution. Exhausts of auto-
mobiles and other internal combustion engines are probably 
the most important sources of ozone and other phytotoxic 
pollutants. Incompletely burned hydrocarbons and NOp are 
released into the atmosphere by the automobile exhaust. In 
the presence of UV light, this NOp reacts with oxygen and 
forms 0;, and NO. The ozone may react with NO to form the 
original compound. But in the presence of unburned hydro-
carbons the NO reacts with hydrocarbons instead of ozone and 
therefore, the 0^ is released in the atmosphere (Agrios, 1978) 
The naturally produced 0, concentration at groxond level is 
generally less than 0.03 ppm. 
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Ozone enters through stomata in leaves, where it 
accumulates in the palisade layer ultimately causing the 
bleaching or discolouration of the palisade cells and the 
collapse of the cellsc 0, affects primarily expanding leaves, 
but not very young or old, mature leaves. 0;, causes tippling, 
mottling and chlorosis of the leaf, usually on the upper 
leaf surface. The colour of the affected leaves varies from 
light tan to red or almost black, depending upon the plant 
affected. Affected leaves of some plants such as citrus, 
grapes and pines drop prematurely (Darley and Middleton, 1966; 
Agrios, 1978). Plant response to 0-^  is, however, dependent 
on various environmental factors (Heck, 1968; Ting and 
Bugger, 1968). 
The most common symptom on many deciduous trees, 
shurbs and some herbaceous plants is localized thickening 
and pigmentation of the cell walls resulting in sharply 
defined small dot-like coloured lesions (Ledbetter et al.,1959) 
Generally the interveinal region is injured, so lesions are 
usually angular in shape. The veins are usually not affected 
except in plants where pigment formation takes place. Pigment 
formation can produce an overall colouration of the upper 
leaf surface when the lesions are dense (Heck et al^ ., 1970). 
Small unpigmented necrotic spots or more general upper surface 
bleaching is a common type of injury on most of herbaceous 
and many woody plants (Ledbetter et al., 1959). When the 
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injiiry becomes more severe then upper epidermal cells collapse 
and become colourlesso A shiny oily or waxy appearance of 
the upper leaf develops in some plants during the 0^ , exposure. 
These symptoms disappear after the termination of the exposure, 
A water-soaked appearance often develops followed by drying 
and bleaching which results in typical bifacial necrosis within 
one or 2 days (Heck e_t al_,, 1970). Epidermal cells remain 
uninjured while the palisade cells and spongy mesophyll 
become injured. Many injured cells remain alive but chloro-
plast is disrupted and the chlorophyll amount is reduced 
significantly (Hill _et al.» 1961), Chlorotic mottling or 
chlorotic flecks are common symptoms on pine. Alfalfa develops 
large light green chlorotic areas with many irregular islands 
of normal green tissue dispersed in them. In some plants the 
tissue eventually becomes uniformly chlorotic and leaves may 
drop permaturely (Ledbetter _et al_,, 1959). 
The entrance of 0^ into plant leaves through stomata 
is well established. It has been observed that resistant 
bean cultivar have fewer stomata than a sensitive (susceptible) 
cultivar. During the exposure, stomata on the resistant 
cultivars showed partial closure, whereas those on the sen-
sitive cultivars did not show any closure (Butler and 
Tibbitts, 1979). The affect of 0, on stomatal closure was 
more important than stomatal number in determining sensitivity« 
Bean plant showed stomatal closure even at low concentration 
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(Faensen-Thiebes, 1983). However, no relationship was found 
between 0, sensitivity and. the number of stomata or the rate 
of gas exchange in azalea, sweet corn, soybean and tobacco 
(Gesalman and Davis, 1978; Harris and Heath, 1981; Faensen-
Thiebes, 1983). Todd (1958) and Todd and Probst (1963) 
measured the effect of ozone at 4 ppm for 40 min, on photo-
synthesis and found that development of symptoms were 
associated with inhibition of COp fixation. Hill and 
Littlefield (1969) noticed net photosynthesis decrease when 
plants were exposed to 0.06 ppm concentration of ozone for 
1 h. Pell and Brennan (1973) observed that in pinto bean 
net photosynthesis initially decreased and total adenylat 
concentration increased after a 3 h exposure to injurious 
concentration of 0-,. Net photosynthesis, however, returned 
to normal within 24 h. A significant increase in respiration 
of pinto bean leaves when exposed to 4 ppm for 40 min,, was 
reported by Todd (1958). Mac dowall (1965) found that during 
the first hour after ozone exposure at 0,7 ppm, the respi-
ration was inhibited before the visible symptoms appeared; 
the respiration increased only later, when visible symptoms 
had appeared. Hill and Littlefield (1969) observed decrease 
in the rate of transpiration at 0,06 ppm concentration 
exposure for 1 h. The sugar and starch content of the ash 
root decreased when exposed to 0,5 ppm concentration 0, for 
8 h (Jensen, 1981). In a study Blxom et al. (1982) found 
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that 0, at Oc1 ppm concentration increased the mineral 
content except the Na in ladino clover. 
Ozone effects on the growth, biomass and productivity 
of several crops have been showed in both ambient as well as 
in glasshouse conditions. These studies have demonstrated 
following features of ozone effects (Heck e;t al_., 1986): 
1• Most plants showed 0, effects on growth and productivity 
and cultivar differences were usually observed, 
2, Root growth was affected more than shoot growth. 
3o Exposures during early vegetative growth caused changes 
in growth rate, but when exposure ended, normal growth 
resumed in a short term. 
The results suggest that changes in the quality of 
usuable products occur at ambient 0^ concentrations. 
Ozone is reported to cause various types of damages 
in a number of crops like tomato, potato, cotton, pepper, 
sunflower, soybean, snapbean, clover etc. Ozone in the 
ambient conditions have been found to cause reduction in the 
tomato yield and was found responsible for 8596 of reduced 
fruit size along the gradient; at the 0,10 ppm concentration 
for 20 h, 50% reduction in yield has been recorded (Oshima 
£t al,, 1977a, 1977b). Tomato cv, Tiny-Tim when exposed to 
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0o08-0,10 ppm concentration of 0^ , for 5 h/day for 5 days in 
a week till 5 days, 56% reduction in fruit number and 91% 
reduction in fruit weight were observed (Manning and Feder, 
1976) o At the seedling stage, OoA- ppm concentration exposure 
of 0, for 2 h, repeated for 6 time when transplanted in field, 
showed 57% reduction on tlie sensitive cultivars of tomato 
(Henderson and Reinert, 1979). In the potato, ambient 0:^  
caused 60% leaf injury and 25% yield loss in cv. Norland 
and 31% loss in cv, Norchip, Cultivar Norland produced 
smaller tuber and cv. Norchip fewer tubers (Clarke _et al,, 
1983). Ozone at 0,2 ppm concentration for 3 h at several 
growth stages of potato in glasshouse decreased tuber weight 
and total solids but reducing sugars were increased (Pell 
£t al., 1980). Ozone at 0,12 and 0,20 ppm concentration for 
3 h at 3 times per week reduced root, stem and leaf dry matter 
of pepper. The reduction was 16% at 0,12 ppm and 54% at 
0«20 ppm in total fruit dry weight (Bennett et al^, f 1979). 
A decrease of 32% and 46% in root dry matters occurred in 
carrot cv, Inperator 58 when exposed to 0,19 and Oo25 ppiji 
concentrations of 0, for 6 h, respectively (Bennett and 
Oshima, 1976). In cotton cv, Acala SJ-2, a significant 
reduction in biomass and boll production was recorded, when 
exposed to 0,20 ppm concentration of 0^ for 6 h twice a week. 
In one case this treatment started at the age of 8 day and 
other at 40 days age. Number of boll produced was reduced by 
48% (Oshima e_t al_., 1979). When sunflower was treated with 
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0,1 and 0,2 ppm concentration of 0^ for 12 days from the 14 
days of age, 11% and 32% reduction in plant dry weight was 
observed. Due to 0^ exposure the roots were more affected 
than shoot (Shimizu _et al_,, 1981 )o But when soybean exposed 
to 0,022 and 0o112 ppm concentration of 0^ for 7 h/day in 
the field, 39% reduction in yield and 12.6% reduction in oil 
content of the seeds were observed. Protein content of the 
seeds, however, were not affected (Greenwald and Endress, 
1984), When snapbean exposed to 0,30 and 0,60 ppm concentra-
tion of 0, for 1,5 h, two time at 6 different growth stages, 
reduction was found in the growth rate and pod production 
(Bl\am and Heck, 1980), Reduction in the shoot and root growth 
of clover cv. Ladino was observed at 0,3 and 0,6 ppm concen-
tration of 0^ , treated for 2 h at 4 different stages of growth 
(Letchworth and Blum, 1977), Treatments of the 0,03, Oo05 
and 0.08 ppm concentration for 7 h/day for six months in the 
field caused the reduction in total forage and forage regrowth, 
(clover with fescue in mixture). No effect was observed on 
fescue and the 0^ response was unaffected by nitrogen ferti-
lization (Nontes £t al_., 1982), In a study, when clover was 
exposed to 0,03, 0,06 and 0,09 ppm concentration of 0^ for 7 
h/day in the season for two years in the field condition, 14^ 
and 27% reduction in forage regrowth at 0.06 and 0,09 ppm 
concentrations respectively occurred auring the second year 
(Blum et al., 1983a). At the 0.05, 0,10 and 0,15 ppm concen-
trations, the maximum root reduction (42%) and shoot 
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reduction (2A%) in the clover were observed when exposed for 
4 h/day for 5 days, 32 days after seeding (Blum ejt al, ,1983b). 
Peroxyacetyl nitrate (PAN); 
Peroxyacetyl nitrate (PAN) is produced as the secondary 
air pollutant from the reaction of nitrogen oxide with the 
unburned hydrocarbons in the presence of the UV irradiation, 
PAN is the serious problem near the metropolitan cities, where 
the unburned hydrocarbons and nitrogen oxide are released as 
autoexhaust (Heggestad 1968; Agrios, 1978). 
The distinguishing symptoms of the PAN injury are the 
glazing and bronzing of the lower leaf surfaces, attack of 
younger leaves and tendency to produce transverse banning on 
individual leaves (Bobrov, 1955; Taylor et al», 1960)o The 
latter symptom is associated with the physiologic age of the 
tissue, PAN injury appears first to mesophyll cells near 
stomata. This injury causes slight seperation of the lower 
epidermis and the mesophyll cells, giving the appearance of 
glazing and bronzing,. With more acute injury, necrosis 
extends through the leaf (Glater _et al,, 1962). Lettuce, 
Swiss chard, pinto beans, petunia, tomato and african violet 
have been proved as sensitive plants as these were injured 
by 4 h exposure to 15-20 ppb of PAN in ambient conditions. 
Corn, onion, begonia and cotton are usually not injured with 
75-100 ppb in a 2 h exposure to PAN (Noble, 1965; Darley 
et al,, 1966; Brandt and Heck, 1968a; Heck et al., 1970). 
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The leaf age and illumination have been studied as 
physiologic and physical factors that affect the response 
of plants to PAN (Dugger e_t al., 1962). Leaves of most of 
the plants are most susceptible when very young. Maximal 
susceptibility to PAN was found tin several-days-olu primary 
leaves of pinto-bean (Taylor and Mac Lean, 1970). PAN is 
known to inhibit the photosynthesis, affecting the various 
aspects such as adenosine triphosphate (ATP) lormation, 
nicotinamide adenine dinucleotidephosphate (NADP) reduction 
and carbon dioxide fixation. Sigal and Taylor (1979) found 
reduction in the yield of lettuce and swiss chard, among eight 
crops, after a long-term intermittent exposure to PAN at O.OA 
ppm concentration. 
Particular air pollutants; 
A major part of air pollutants are particulate matters. 
The major particulate air pollutants are coal dust, fly ash, 
lime dust, cement dust, soil dust particles etc. Important 
sources of particulates are production of coal, cement; 
combustion of coal, gasoline and fuel oil; lime kiln operations; 
incineration and soil erosion; agricultural burning and wrong 
agricultural practices; volcanic erruptions;transportation 
and construction etc. According to Das (1986) in the develop-
ing countries particulate air pollutants are the major 
problem, while in the developed countries the problem of 
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particulate air pollutants is not so important. In India 
40-44% air pollutants are of particulate type. 
Particulate matters settle on plant parts and cause 
severe damage to the plants. They cause chlorosis, necrosis 
and death of the tissue, when the heavy deposition of the 
particles occurs. Many particles are byproducts of agricul-
tural practices and are usually inert (Darley and Middleton, 
1966; Heck e_t al^ ., 1970). Cement dust,alkaline in nature 
produces injury to plants in the close vicinity (Darley, I966), 
In a closed chamber study, wheat plants showed reduction in 
transpiration rate, chlorophyll content and productivity due 
to cement dust pollution (Singh and Rao, 1981). Lime dust 
particles form excrustations on leaves of vegetation with a 
resultant reduction in photosynthesis, vigour and hardiness 
of the plants. Heck _et al_, (1970) noticed that high parti-
culate emmiss'ion from the different sources caused the reduc-
tion in quality of the vegetables and fruits growing close 
to the source. 
Col will _et al_. (1979) observed deposits on the leaves 
of the plants grown along the road side with highly busy 
traffic. Such plants showed poor growth. There have been 
numerous reports that dust of varying origin interfere with 
stomatal functioning mostly by filling and blocking the 
stomatal aperture (Ricks and Williams, 1974; Fluckiger et al«, 
1978,1979); increase leaf temperature (Eller, 1977; 
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Fluckiger ejb al., 1978) and transpiration (Beasley, 19^2; 
Evelinj', 19^9); reduce photosynthesis (Darley, 1966) and 
increase the uptake of gaseous air pollutants (Ricks and 
Williams, 1974), All these effects eventually result into 
poor growth of suffering plants. 
Acid rain; 
Some of primary air pollutants (SOp and NQx) are 
converted into acids after contact with v;ater present in 
atmosphere and with atmospheric precipitation come down. 
This is referred to as acid rain. According to Cowling 
(1982) the phenomenon of rain fall acidification by pollutant 
emissions was recognized by Hales as early as 1757 in England 
and its effects were first examined by Robert Angus Smith as 
early as 1870s. However, modern attention to acid rain 
began in 19^8 (Oden, 1968). 
Acid rain of pH 3.0-3.6 are reported from Sweden, 
Norway and eastern United States. The average acidity of 
rainfall in eastern United States was estimated to be below 
pH 4,5 in 1972-1973. The changes have been attributed to 
acidic substances formed in the atmosphere, mainly from 
oxides of sulphur and nitrogen produced during combustion of 
fossil fuels (Cogbill and Likens, 1974; Likens and Bormann, 
1974). 
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Acid rain causes primarily the acidification and 
alteration of water and soil. It has been recognized that 
herbaceous plants are more sensitive to direct injury by 
acid rain than woody plants (Heck e_t al_. > 1986). The roost 
striking effect on vegetation was reported on peatmoss 
(Sphagnum), an aquatic plant. Lakes were found to be acidi-
fied at the bottom upto 18 meter depth in Sweden (Grahn 
e_t aJL., 1974). Direct injury to terrestrial plants by 
artificial mists of simulated rain containing dilute 
siolphuric acid, increased leaching of nutrients from pinto 
bean and sugar maple seedling foliage (Wood and Bormann, 1974), 
Soybean and kidney bean plants when exposed to acid rain of 
pH 3.2 and pH 6,0 for 17 weeks duration, intermitt'^ n^tly in 
the field condition, no important effects were detected in 
number of pods formed, in soil acidity or in amounts of 
essential elements in the soil or foliage of the plants. No 
significant difference were observed in fresh weight of shoots, 
roots or pods both in field and glasshouse (Shriner and 
Johnston, 1981). 
Pollutant Mixture; 
Pollutant mixture effects to plants were recognized 
in 1970s, The studies have generally shown increased effects 
with mixtures of pollutants over effects from individual 
pollutant. However, the combined ef ects of air pollutant 
mixture can be either synergistic, antagonistic, or additiveo 
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Responses of plants to pollutant mixtures include visible 
symptoms of injury, altered growth and development, physio-
logical and metabolic imbalance, and the accumulation of 
certain elements and metabolites. Decrease in plant growth 
and yield are often the critical agricultural responses. 
The most important pollutant mixtures are 0^ , + SO^, SO2+ NOp 
and 0:z+ SO2+ NOp. Several other pollutant mixtures like 
0^ + NO2, SO2+ 1-IF, SO2+ NaF, NO2+ HF, 0^ + HgS and 0^ + acid 
rain are also known to cause injury in several plants 
(Reinert, 1984; Heck e_t al., 1986). 
0-,+ SO2 mixture in different concentrations is known 
to affect several plants at different lo'vels. Tomato plant 
v/hen exposed to 0.2 ppm 0^ and 0.2 or 0.8 ppm SO2 mixture for 
3 or 4 h for 15 times, the effect of 0^ + SO2 mixture was 
additive at 0.2 ppm SO2 and was antogonistic at 0.8 ppm SO2 
(Shew _et al_., 1982).- When lettuce and radish were treated 
with 0.4 ppm of 0^ , and O08 ppm of SO2 mixture for 6 h, lettuce 
showed antagonistic and radish additive responses in growth 
and injury (Ormrod _et al..» 1983) c In a study Shertz _et al. 
(1980) found synergistic response in causing leaf abscission, 
and antagonistic to synergistic in causing foliar injury and 
reducing the shoot length in grape cultivars, when exposed 
to 0.20 and 0.40 ppm 0,, 0,15 and 0.30 ppm SO2 mixture for 
4 h. The significant additive response to the reduction of 
growth and yield of potato was observed when exposed to four 
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0;, concentrations and 0,1 ppm SOp mixture for 6 h/day till 
255h (Foster et al., 1983). At 0.25-1.0 ppm SO2 mi^ -ture for 
0«75, 1e5 or 3 h, soybean showed additive, antagonistic or 
synergistic response in foliar injury and in reduction of 
shoot fresh weight (Heagle and Johnston, 1979). The foliar 
injury and reduced chlorophyll was synergistic when soybean 
exposed to 0.08 or 0,10 ppm 0^ and 0.20 or 0,40 ppm SOp 
mixture for 2 or A h/day (Pratt e_t al., 1983),. In a study 
Olszyk and Tibbits (1982) recorded that the foliar injury, 
reduced leaf area, chlorophyll, leaf weight, did not show any 
interactive response when garden pea were exposed to O0O6 
and 0,27 ppm 0^, 0,11 and 1,72 ppm SO2 mixture for 2, 4 or 
8 h. Synergistic response in stomatal conductance, antagonis-
tic in foliar injury and additive response in the growth was 
found in snapbean by Beckerson and Hofstra (1979)» Miller and 
Davis (I98I) when exposed to the different concentrations of 
0^ and SOp in mixture. 
Tomato plant exposed to 0,11 and 0,05 ppm of SOp and 
NOp in a mixture showed decrease in leaf fresh weight and 
area, root fresh and dry weight but no effect was observed 
by the gases individually (Marie and Ormrod, 1984), When 
radish exposed to the two dosage of SO2+ NOp mixture (0,8 
ppm of each gas for 2 h in day and 1,5 ppm of each gas for 
2 h in night) in sequential and simultaneous exposures then 
sequential exposures caused no effects while simultaneous 
exposures reduced growth and relative growth rate in the day 
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time while night exposure showed similar pattern but lesser 
effect (Hogsett e_t al_., 1984). Soybean cultivars in the 
different treatments of SOp - NOp mixture showed synergistic 
response in the photosynethesis, stomatal conductance and 
chlorophyll reduction, while the additive response was 
observed in respiration. Soybean yield was not affected 
additionly by NOp at low 302$ ^^^ "^ ^^  re.iuction increased 
at high levels (Carlson 1983; Amundson, 1983; Irving and 
Miller, 1984). 
Synergistic interaction in reducing net photosynthesis 
of sunflov/er occurred between 0^ ,, SOp and NOp in mixture 
(0,2 ppm of each gas). Similar synergistic response was 
noticed with NOp-O;, and SOp-O^ combinations (Furukawa and 
Totsuka, 1979). Antagonistic to synergistic interactions of 
0:, and PAN mixture in causing the foliar injury in petunia, 
kidney bean, pine and ponderosa have been observed depending 
upon concentration oi pollutants (Davis, 1977). Alfalfa 
exposed to 0-^ + acid rain mixture (0,05-0,15 ppm of 0^ and 
rain 5.6 or 3»0 pH) showed no interaction betv/een both the 
constituents. Acidity had no effect on yield, but nitrogen 
content decreased by 18-37% while 0, had no ef ect on either 
yield or quality. 
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Root-nodule Bacteria 
Root-nodule bacteria fix symbiotically the atmospheric 
nitrogen in association with leguminous plants. The nodule-
forming bacteria belong to grnus Rhizobium of the family 
Rhizobiaceae and include six species, i.e. R.1e/^minosarum, 
R. phaseoli, R. trifolii, R. meliloti, R. japonicum and 
R.lupini • (Buchanan and Gibbon^, 1974)o Rhizobium r.pecies 
are gram ne^ ,ative bacteria, rod shaped OL short to medium 
size. Usually Rhizobium spp, live freely in soil and in the 
root region of both leguminous and non-leguminous plants. 
However, they can enter into symbiosis only with leguminous 
plants, by infecting their roots and forming nodules on 
them. Different species of Rhizobium respond to the different 
plants. So, the selection of effective strain for Rhizobium 
inoculation is very important. In legume-root-nodule sym-
biosis, Rhizobium is recognized as microsymbiont. When nodule 
becomes senescent after a period of nitrogen fixation, decay 
of tissue sets in liberating motile forms of Rhizobium into 
soil which normally serve as a source of inoculum for the 
succeeding crop of a given species of legume (Rao, 1972; 
1975). Rhizobium penetrate in the root from the root hair 
through the intercellular spaces and form nodule in the upper 
cortical regions. The core of a mature nodule constitutes 
the bacterbid zone surrounded by several layers of cortial 
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cells. The volume of bacteroid zone in effective nodules 
has a direct positive relationship with tht^  nitrogen fixed. 
The effective nodules are generally large and pink in colour 
due to leghaemoglobin (Bergersen and Briggs, 1958). 
Root-knot Nematodes 
Root-knot nematodes (Meloidogyne species) a highly-
destructive group of plant parasitic nematodes, are world-
wide in distribution. They have extensive host range and 
interact with a large number of fungi, bacteria and viruses. 
In the areas where root-knot nematodes are not controlled, 
average crop yield losses are estimated to be about 25% with 
damage in individual fields ranging as high as 60% (Sasser, 
1980; Sasser and Carter, 1982). Out of all the 57 species 
of Meloidogyne known at present, 4 species viz, Meloidogyne 
incognita, Meloidogyne javanica, Meloidogyne arenaria, 
Meloidogyne hapla are recognized as most common and damaging 
throughout the world (Taylor et al_., 1982), These species 
cause root-knot disease in many different kinds of crops 
like cereals, vegetables, pulses, fibre-yield-ing crops, fruit 
crops, plantation crops, ornamentals etc, (Sasser, 1980; 
Sasser and Carter, 1982), Root-knot nematodes also interact 
with other plant pathogenic organisms synergistically causing 
more loss to the plants. Most frequent interaction of root-
knot nematode has been reported with fungi and bacteria 
(Table 1). 
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Interaction of Nodule-forming Bacteria 
and Plant Parasitic Nematodes 
Rhlzoblum sppo are found in the nodules on the root 
surface of legumes while the plant parasitic nematodes have 
the different feeding sites depending upon the mode of para-
sitism. Some nematodes are surface feeder while some are 
endoparasitic. So, these nematodes interact with Rhlzoblum 
in different patterns. Their Interactions with Rhlzoblum 
are summarized in Table 2o Interactions of Rhlzoblum spp, 
with sedentary endoparasltes like Heterodera glycines and 
Meloldogyne spp, have been demonstrated on some crops. It 
has been observed that soybeans Infected with H.glycines 
usually have few bacterial nodules (Barker _et al_., 1972; 
Hussey and Barker, 1976), However, on clover Hecterodera 
trifolll and M..iavanlca were not found to have much effect 
on nodules. Both nematodes reproduced well in nodules. 
However, nodules containing M,javanlca deteriorated more 
rapidly than non-infected reducing the total benefit from the 
nitrogen-fixing bacteria (Taha and Raskl, 1969). The forma-
tion of nodules on root-galls and gall formation on the nodules 
have been reported by (Robinson, 1961; Taha and Raskl, 1969), 
Ayala (1962) reported parasitism of bacterial nodules of 
Rotylenchulus renlformls In Cajanus Indlcus. Nigh (1966) 
observed the reduction in nodulatlon of alfalfa by M.javanica.o 
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Reduced nodulation due to root-knot nematode infection in 
soybean was because of the possibility that nematodes render 
the infected plant roots physiologically incompatible to the 
bacteria (Balasubramanian, 1971)o Cyst nematode Heterodera spp, 
inhibit nodulation and N-fixation in most of the plants, A 
drastic reduction of total nitrogen in H.trifolli infected 
plants caused their stunting. H.trifolli reproduced readily 
in white clover while the nodule number altered by root 
suppression (Taha and Raski, 1969). Different races of 
H.glycines show different effects on root-nodulation and N-
fixing capacity of soybean. Race 1 was found more effective 
than race 2 and 4, in race 1, nodulation and N-fixation 
increased initially but afterward decreased (Lehman ejb al^ ., 
1971). Barker and Huising (1970) also reported the entago-
nistie interaction between H.glycines and R.japonicum. 
Barker e_t al_. (1971) found that R.,japonicum nodular tissue was 
unfavourable for cysts development of race 1 of H.glycines. 
E, glycines also inhibits leghaemoglabin contents in soybean 
(liuang and Barker, 1983)o Sharma and Sethi (1975) also reported 
that nematodes interferred with the leghaemoglobin content of 
the cowpea root nodules, with M.incognita causing more reduc-
tion than H.cajani. Bopaiah _£t al. (1976) observed a reduced 
nodulation and less nitrogen content in mung (Vigna radiata) 
when M.javanica preceded Rhizobium. Xylary elements in soybean 
and peanut serve, as barrier to the penetration of migratory 
endoparasite like Pratylenchus penetrans and ectoparasite like 
-A9-
Belonolaimus longicaudatus but some times these nematodes 
caused the deterioration of bacteroids present in the nodules 
of the Wando pea plants lacking xylary elements (Barker and 
Hussey, 1976). 
Interaction of Air Pollutants and Fungal 
Plant Pathogens 
Investigation have been carried out on the interaction 
of plant parasitic fungi and air pollutants both in ambient 
and in glasshouse conditions. The major air pollutants known 
to affect the host parasite relationship of plants irifected 
with fungi are SOpt 0^, HF and acid rain. 
The effects of SO2 on fungi associated with plants 
or in culture are presented in Table 3o In the field study, 
SOp.usually inhibits the growth and development of plant 
parasitic fungi in the polluted area (Scheffer and Hedgcock, 
1955; Skye, 1968). In some studies, it has been shown that 
with the increasing distance the effect of SOp, on disease 
incidence and development decreases notably (Linzon, 1958), 
Field observations have indicated that the obligate parasitic 
fungi are generally more sensitive to SOp that non-obligate 
parasitic fungi. This has been substantiated by the results 
of glasshouse studies in controlled conditions (Weinstein 
et al., 1975). SO2 was found to inhibit parasitism of wheat 
-50-
by Puccinla ^raminis, but type of wheat resistance to rust was 
critical in response depending upon different cultivars 
(Laurence et al., 1979). Non-obligate parasitic fungi are 
inhibited,stimulated or do not respond to SOp pollution. 
Exposures to SOp decreased parasitism oi bean by Uromyces 
phaseoll but did not affect parasitisia of tomato leaves by 
Alternaria solani (Weinstein et al«, 1975). The number of 
lesions caused by Helminthosporium maydis was found to decrease 
by 38% when maize plants were exposed to SOp on 8 days before 
inoculation (0o15 ppm for 14 h/day). If the exposures occured 
on the 8 days before and on the 2 days after inoculations the 
number of lesions decreased by 13-16% only (Laurence _et al., 
1979). 
Weidensaul and Darling (1979) recorded increase in the 
number of lesions caused by Schirrhia acicola on needles of 
scot pine seedling, when exposed to 0.20 ppm for 6 h of SOp 
for 5 days. Fungal growth and spore germination were also 
affected by SOp. Within the plant tissues, the fungal hyphae 
showed resistance to SOp, The hyphae of different fungi show 
a variation, in sensitivity to SOp doses (Mc Callen and 
Weedon, 1940). Botrytis in pure culture were resistant to 
4,0 ppm concentration of SOp for 11 h, while S.acicola grew 
normally and produced viable conidia after exposure to 1.0 ppm 
SO2 for 4 h (Ham, 1971). Saunders (I966) found that 
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Aspergillus niger, Alter'naria brassJ cicola and Didyiiielllna 
macrospora were unaffHcted in nutrient solution containing 
90 ppm equivalent SOp while Penicillium v/as 33 ightly stimulated 
in grov/th. The spores of most of fungi show great resistance 
to direct exposure to SOp, even at the high doses (Couey and 
Uota, 1961; Hibben, 1966)0 Spore germination was inhibited 
more with increasing water content, in most of the fun^ 'i 
(Couey, 1965; Couey and Uota, I96I). Sharp (1967), however, 
reported that urediospores of Puccinia striiformis showed no 
resistance to SOp exposure. 
0-, inhibits obligate fungus parasitism, whereas 
facultative parasitism might be increased, inhibited or not 
afi'ected (Table 4). 0-, affects indirectly to rust while powdery 
mildew seemed to be affected directly at the time o; conidial 
formation, conidial germination and penetration. The mature 
spores show resistance to ambient 0^^ pollution (Heagle, 1973). 
Uromyces phaseoli, an obligate parasite on bean, has been 
reported to have both negative and positive response for 0^ 
in the controlled conditions (Resh and Runeckles, 1973). 
Microsphaera alni was found to be very resistant by Hibben 
and Taylor (1975) when exposed to 1oO or 0,25 ppm of 0^ for 
6 and 72 h respectively. However, the powdery mildew of 
barley, Erysiphe graminis has been observed to be sensitive to 
0^ during conidial development, germination and penetration 
(Heagle, 1973). Botrytis squamosa, a facultative fungus. 
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developed two times more lesions on the onion plants, exposed 
to 0, (Wukasch and Hofstra, 1976, 1977). The response of 0^ 
to Helminthosporium maydis on maize leaves depenas on the 
time of exposure in relation to the stage of fungus development, 
as well as the concentration 0^ (Pleagle, 1977). James _et al, 
(1980) claimed that Heterobasidion anno sum c;jn cause the 
death oj' pine tree injured by 0,. Puccinia coronata, crown 
rust of oat was slightly injured by 0, and the urcdia v/ere 
significantly smaller in size, when exposed to 0,10 ppm 0^ 
for 6 h 10 days after inoculation (Heagle, 1970). The small 
doses of 0^ was found to be inhibitory for sporulation of 
wheat stem rust Puccinia graminis. This decrease in sporula-
tion was due to injury of host mesophyll cells and decreased 
hyphal growth (Heagle and Key, 1973). 
Fungus colonies on culture media are not much affected 
by exposure to large doses of 0^ although small doses can 
inhibit the colony grov^ th, suppress development of aerial 
hyphae and decrease sporulation (Ingram and Haines, 19'^ 9; 
Hibben and Stotzky, 1969)c In most of the funr,i, the dry 
spores are more resistant to 0^ than wet spores (Hibben and 
Stotzky, 1969). 
Fluorides also affects the fungi parasitising plants 
but comparatively little work has done on this group of air 
pollutants in relation to fungal plant pathogens (Table 5). 
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Sodium fluoride (NaF) has been reported to inhibit colony 
growth of some f;iii^_^i like Verticilliuin a] bo-atrum, 
HelminthosporJum sativum and Pythium debaryanum in cullure 
media while Botrytis cinerea and two Colletotrjchum spp. 
were slightly stimulated at low concentrations (Treshow, 1965). 
Inhibition in parasitism of most of the fungi when exposed 
to hydrogen fluoride (tiF) has been reported. Exposures of 
bean plants to liF before or both before and after inoculation 
with Uromyces phaseoli, generally inhibited the number and 
growth of uredia in leavesc The pustule numbers were reduced 
by exposure before but not after inoculation. In some cases, 
reduction in pustule number occurred after the inoculation. 
While some time in both the inoculations, inhibition of the 
rust was reported (Mc Cune et^ sJ^* * 1973). The pre-inoculation 
exposure of tomato plants to EF is reported to cause decreased 
development of Alternaria solani, but in tomato pre-inoculation 
exposure did not change disease development (Mc Cune et aJL., 
1973). 
Acid rain have been also recognised to affect the host-
parasite relationship of sev^ r^al rumjl (Table 5)o Simulated 
acid rain caused inhibition of Cronartium fusiforme on the 
willow oak inoculated with aeciospores. The number of infec-
tions arid telia were decreased when rain acidified to pH 3o2 
with HpSO^ acid was applied on each of 1A days before and after 
inoculation (Heagle, 1982). The number of Helminthosporium 
maydis lesions on maize increased when conidia were incubated 
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in water at pH 3.5 before inoculation and th" leaves were 
subsequently treated with rain at pll 3.5 (Shriner, 1978). 
In a survey oT fungi in the cement dust polluted area 
Rai and Pathak (1981) found that total number of fungi 
associated with potato leaves were more in polluted area 
which indicated that cement dust was not inhibitary to fungi. 
The maximum number of Penicillium .javanicum isolates was 
found in cement dust areas while Alternaria solani was 
less in the dust polluted area. 
Interaction of Air Pollutants and Plant 
Pathogenic Bacteria 
The effect of different air pollutants on plant 
parasitic bacteria have been recognized strongly (Heagle, 
1973,1982; Laurence and Aluisio, 1981; Heck £t a]^., 1986), 
SOp exposure is reported to reduce the rate of lesion 
development and lesion size on plants suffering with bacterial 
diseases (Table 7). Exposure time and dosage of pollutants 
have been observed to be limiting factors (Laurence and 
Alusio, 1981). Corynebacteriujp nebraskense was inhibited 
when maize plants were exposed continuously to SOp on 5 days 
before inoculation or 2 days after inoculation or in both. 
The inhibition was, however, maximum in the 2 days post-
inoculation exposure. Similarly inhibition of Xanthomonas 
paseoli was found on soybean with exposure to SOp. It was 
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It was highest in both 5 days pre-or posL-inocul- Lion 
exposures (Laurence and Aluisio, 19^1). 
Ozone is also known to inhibit the bacteria] plcnt 
diseases, especially tiie bacteria c;-usin.;, foliar lesion: 
(Table 8), Pseudomonas glycinea infecting, soybean leaves, 
when exposed to 0-^  (0<,08 or 0,25 ppm for k h) frorr: 16 days to 
1 h before inoculation or from 1 h to 1 day after inoculation, 
shov/ed the decrease in number of lesions (Lauroncc and V/ood, 
1978a), [vfumber of lesions on wild strawberry infected with 
Xanthomonas fragariae were decreased by 0, (Oo20 ppm for 
4 h) (Laurence and Wood, 1978b). No effect of ilF was found 
on the disease caused by Pseudomonas phaseolicola in bean 
leaves in any condition (Heagle, 1982). Simulated acid rain 
at pH 3.2 (0,63 cm over 10 minutes per day for 10 days) 
before inoculation is reported to increase the disease symptoms 
caused by P, phaseolicola on kidney bean. However, the 
symptoms were inhibited when the pH 3o2 rain treatments 
occured on the 11 days after inoculation (Shriner, 1978). 
Interaction of Air Pollutants with Plant Viruses 
There have been few attempts to study the response 
of virus and virus infected plants to air pollut'-nts (Tables 
7,9). There are reports that sulphur dioxide can increase 
viruses in plants of bean and maize irrespective of the 
duration of exposureo Southern bean mosaic virus and sulphur 
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content in bean leaves were increased by continuous SOp 
(OcIO ppm for 7 days) exposure either before, after or both 
before and after inoculation. Increase in the severity of 
infection and symptoms, without an increase in sulphur 
content, was observea for maize dwarf mosaic virus (MDMV) 
in plants exposed to SOp continously before or after inocu-
lation (Laurence e_t al_., 1981), 
Several workers have investigated the response of 
viruses to ozone exposure, Davis and Smith (1974b) observed 
that pinto bean leaves were partly protected from 0:^ (0o25 
ppm for 4 h) when inoculated with bean common mosaic virus, 
4,5 or 6 days before exposure. The effect did not occur 
if plants were inoculated 3 days before exposure. Some 
viruses viz, tobacco ringspot, tomato ringspot, alfalfa mosaic 
and tobacco mosaic viruses also protected primary leaves of 
pinto beans from. 0^, when inoculated 5 days before exposure 
(Davis and Smith, 1974a), There are several other reports 
which show that different viruses protected primary leaves 
of soybean, pinto bean etc. from injury cmsed by 0^ (Davis 
and Smith, 1974a; Vargo et al., 1978), In field tobacco 
infected v/ith TI4V exhibited 60% less injury fr6m ambient 
0, (Bisessar and Temple, 1977). However, tobacco streak 
virus caused significantly more injury in tobacco exposure 
to 0.30 ppm of 0^ for 3 h on 1 or 2 days at 3 week after 
inoculation (Reinert and Gooding, 1978). 
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The mychanii;ms for viru^ :. .induced c!i'in,He;: in i,;l-ints 
response to 0, are unJ<nown. :)eorea::c<i n tc):;:;-tal conductance 
has been su[;|.;ested as the irt-ctictjiism for protection, but this 
wat: not proved in some plantSo Virus titre, plart ar;c and 
season have been recognized as inipoi'tant factors (rirennan, 
1975; Vargo et al., 1978), 
Interaction of Air Pollutants and Plant 
Parasitic Nematodes 
The effect of air pollutants on the host-ner.atode 
relationships has not yet been studied extensively except a 
few reports (Table 10). Bassus (1968) observed that the 
saprophageou and predaceous nematode populations were more 
in the forest areas, severely damaged by SO^ and alkaline 
particulate material than the slightly damaged areas, 
V/'eber _et al^ , (1979) studied the response of plant parasitic 
nematodes to 0^ and SOp, singly and in mixture. Selecting 
five plant parasitic nematode species with different modes 
of parasitism, they exposed begonia and soybean plants 
infected with the nematodes to SOp singly or in combination, 
and to charcoal filtered control air and found different 
responses of the nematodes to air pollutants. Exposure of 
infected soybean plants to 0, and 0^-SOp mixture, inhibited 
reproduction and development of Heterodera glycines 
(sedentary endoparasite) and Paratrichodorus minor 
(ectoparasite) but Belonolaimus longicaudatus (ectoparasite) 
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wa;. unuTfectedc Exposurt'-* of soybean hor.t p];uit to SOp 
enhanced the repro'luction of Praty 1 encluen ponetr:;nc 
(migratory endoparasite) cortiparc-d v/ith th.-.t jn pJnnts exposed 
to the charcon] filtered control air or 0;.. t'oli-ar injury 
of begonia by 0^ or 0,-SOp mixture inhibited Aphelencaoides 
fragariae (foliar migratory endoparasite). suppressive 
effects on A. >'ragariae were gre.ater in leaves pro-e-posed 
to 0-7 or on 0^-SOp mixture before rather thj:n after leaves 
\iere inoculated with the nematode. 
Shew e_t al_« (1982) studied the response of tomato 
to possible interactions between O-^, and nematode (Fratylenchus 
penetrans) inoculations and found that th' presence of 
P,penetrans attacking the roots enhanced the negative effects 
of O^ z-SOp on leaf grov/th but suppressed the inhibitor}'-
effects of 0,-SOp mixture on axillary shoot grov/th. In the 
ambient ozone exposure, 20% more galls developed on tobacco 
plants inoculated with root-knot nematode, Meloidopyne hapla 
when compared with plants sprayed with antioxidant. Increase 
in dry weight of shoot, root and biomass of plants sprayed 
with antioxidant was also observed. These results in icated 
that antioxidant indirectly reduced gall development. Thus 
the tobacco plants infected with M.hapla were found more 
susceptible to ambient 0, (Bisessar and Palmer, 1984). 
Shriner (1978) however, recorded decrease in root infection 
and reproduction of M.hapla infecting red kideny beans in 
-71-^ 
field conditions, tre.-ted three times v/eekly with stimulated 
acid rc'iin at pH boO or 3.2, 
Interactions between Air Pollutants, Root-nodule 
Bacteria and Plant Parasitic Nematodes 
The interaction between air pollutants, root-nodule 
bacteria and plant parasitic nerantodeLj has not been studied 
much. V/eber £t al^ . (1979) studied such interactions in a 
leguminous crop and rc^ cognized effects of interactions. 
During the study seven—day-old soybean seedlings were 
inoculated with Rhizobium .iaponicum and later after 15 days 
from sowing the transplanted soybean plants were inoculated 
with four plant parasitic nematodes i.e. Heterodera glycines. 
Belonolaimus longicaudatus, Paratrichodorus minor and 
Pratylenchus penetrans and exposed to O-^  and O^-SOp mixture. 
The effects of pollutant-nematode combinations on nodulation 
varied. Because of the severe inhibition of nodulation of 
soybean by H.glycines, the number of nodules from roots 
parasitized by this nemacode did not differ among the 
pollutant treatments. In contrast, nodulation in plants 
parasitized by B.1ongicaudatus and P.minor was inhibited by 
exposure of soybean to 0^ and O^-SOp mixture as compared to 
the control and SOp treated plants. While P.penetrans and 
0^ or 0^ -SOp mixture did not show any remarkable effect on 
nodiilation. In this study 0^ and 0^-SOp mixture inhibited 
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the growth of soybean both in the presoncG- .-jn-J absence of 
nematode and caused the injuries in leaves. Rut CO-, inhi-
bited th!.> '-.rowth of soybean inonulatea v^ ith P.penetitans but 
did not injure the foliage. 0^ and 0^ -SOp mixture did not 
affect the penetration of H,glycines in soybean roots but 
inhibited the reproduction and development of fI.glycines 
and P.minor while development of B.longicaudatuc was 
unaff;:cted. Kxposure of soybean plant to SOp enhanced the 
reproduction of P.penetrans compared with that in plants 
exposed to charcoal filtered air or to 0^, 0^ -SOp mixture 
also showed the similar effects but not much significontly 
different from the control. 
Air pollution effects on crop plants and plant 
diseases are new and developing areas of research and 
informations available are still meager. But whatever has 
been done on the above aspects, gives indication of air 
pollution damage to crops. Similarly, plant pathogens 
affecting crop plants are directly or indirectly affected, 
though informations on this aspect are rather negligible. 
But this is logically expected. Air pollutants affecting 
leguminous crops may imbalance their symbiotic relationship, 
the nitrogen transformation system so beneficial for 
nitrogen economy of legume cultivations. Some studies as 
summarized above show the possibility of imbalances in this 
system. This needs to be further and thoroughly investigated 
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ancl substantiated by more experimental data, rtout-knot 
ne;n;.todeG al:o impair nitrof^ 'rn f'ixin;^  c-paoii i ty of the 
system. At the same time, air pollution m.ay stress the 
host-parasite relationships of root-knot nematodes. This 
has yet attracted very little attention of investigators. 
The impact of air pollution on this system and possibility 
of synergistic or antagonistic relationship that may 
develop between various kinds of air pollutants and roct-
knot nematodes on crop plants are very little known and 
need to be substantially investigated. It may gradually add 
a new dimension in the field of Plant Nematologyo 
MATERIALS AND METHODS 
Collection of Meteorological Data 
The meteorological data of the area where the Thermal 
Power Plant, Kasimpur is situated, in relation to wind 
velocity, temperature, relative humidity, rainfall etc, will 
be collected from the Meteorological Department (Government 
of India), Aligarh unit. 
Collection of Base-line Data on Air Pollutants 
Base-line data on different air pollutants present 
in the ambient air around the Thermal Power Plant, Kasimpur 
will be collected. The concentrations of various air 
pollutants in different seasons (summer, rainy and winter) 
and at different distances from the source of origin will be 
determined. For the purpose, air samples will be collected 
by Handy Air Sampler and High Volume Air Sampler (Fig.1,A,B) 
at appropriate times during the seasons from different 
distances and samples will be analysed (Anon, 1986). 
Sampling; 
For gaseous air pollutants, sampling will be done 
either by High Volume Air Sampler (Envirotech, New Delhi) 
or by Handy Air Sampler (Kimoto, Japan) at the rate of 
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200 ml to 2 lit of air per minute for 30 minutes to 24 h. 
Methods being followed at the National Environmental 
Engineering Research Institute (NEERI), Nagpur will be 
employed for sampling of various gaseous and particulate 
air pollutants. Sampling and analysis will be done for 
SOp, NOp, NH:^  and 0, in gaseous air pollutants and for 
particulate matter. The absorbing media to be used for 
various gaseous air pollutants are as follows: 
S.NOo Gaseous air 
pollutant Absorbing media for sampling 
1. SO. Sodium tetra chloromercurate 
solution 
3. 
4. 
NO. 
NH. 
Sodium hydroxide sodium 
arsenite solution 
Diluted sulphuric acid 
Alkaline potassium iodine 
solution 
Sampling of O^i" 
The 0, will be sampled by either High Volume Air 
Sampler or Handy Air Sampler at the rate of 1/2 cubic meter 
per minute for 1/2 - 4 h. Alkaline KI solution will be 
used as absorbing medium. To avoid the SOp interference. 
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Cr20, impregnated paper will be used. The absorbing medium 
and CrpO^ paper will be kept in the impinger as follows-
(1) (2) (3) 
Midget impinger Absorbing Trap Flow 
containing Cr203 impinger regulator 
paper 
Preparation of CrpO^ paper 
2-5 g of CrpO^ r will be mixed in a petridish with 
15 ml distilled water and 0,7 ml of cone, HpSO/. The 
mixture will be pasted over 60 square inch of ordinary filter 
paper and will be dried at 80-90®C for 1 h in hot air oven. 
Then the paper will be cut in strips without touching by-
hand. 
Analysis of sulphur dioxide;-
Analysis of SOp in samples will be done by Weast and 
Pack Method (being used at NEERI), Some details of the 
analysis, preparation of chemicals are described stepwise, 
below: 
(i) Absorbing reagent (Sodium tetrachloromercurate) 
27o2 g mercuric chloride and 11,7 g sodium chloride 
will be dissolved in 1 lit double distilled water (D.D.W.), 
This solution can be stored at room temperature and can be 
used for two months. 
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1 B 
Fig.lA. High volume air saunpler Fig.lB. Handy air sampler 
Fig.lC. Dynamic state exposure chambers for air pollutants 
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ii) Sulphamic acid (Oo6%) 
0,6 g sulphamic acid will be dissolved in D.D.W. to 
bring the volume to 100 ml. 
iii) Formaldehyde solution (0,2% to be prepared fresh) 
0,5 ml formaldehyde solution (40%) will be diluted 
in D.D.W. upto 100 ml. 
iv) Rosaniline hydrochloride solution (0o2%) 
a. Step I solution 
0,2 g rosaniline hydrochloride will be dissolved in 
1 N hydrochloric acid to bring the volume upto 100 ml. It 
will be kept in refrigirator over night, 
b» Step II solution 
4 ml of step I and 6 ml concentrated HCl will be 
dissolved in D.D.W. to bring the volume to 100 ml, 
v) Potassium dichromate solution (0,1N) 
Exactly 1.226 g dried potassitim dichromate will be 
dissolved in D.D.W. to 250 ml, 
vi) Sodium thiosulphate (0.1N) 
7.0 g sodium thiosulphate will be dissolved in 250 
ml D.D.W. For preservation 2 ml of chloroform will also 
be added. 
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vii) Iodine solution (0,1N) 
10 g of potassium iodine will be dissolved in 20 ml 
D.D.W. After adding 3 g crystals of iodine, solution will 
be stirred. Solution will be kept over night and dilluted 
upto 250 ml with D.D.W. solution will be preserved in 
amber coloured bottle in dark, 
viii) Potassium iodine solution (100%) 
10 g of potassium iodine will be dissolved in 10 ml 
D.D.W. This may be prepared at the time of titrationo 
ix) Starch solution 
A paste of 1.25 g soluble starch will be prepared 
with D.D.W. and will be poured in 250 ml boilding D.D.W. 
It will be boiled for 5 minutes with stirring and allowed 
to cool and stand. Fresh and clear supernatent will be 
used. 
x) Metabisulphite solution 
0.3 g sodium metabisulphite will be dissolved in 
500 ml D.D.W. This solution will contain 320 or 400 ug/ml 
of SO2. 
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Standarisation of sodium thiosulphate 
50 ml D.D.W. will be taken in 250 ml conical flask 
and 10 ml potassium dichromate (0,1N), 10 ml-H2S0^ (1:1) 
and 1 ml of potassium iodide solutions will be added. The 
flask will be kept in dark for 5 minutes for reaction. 
Above solution will be titrated with sodium thio-
sulphate (VI) till a faint yellow colour is obtained. Then 
1 ml of starch solution will be added, blue colour will 
now appear. The titration will be continued upto faint 
blue colour disappears. Final colour will be a distinct 
bluish green tinge due to chromous ionso Titration reading 
will be noted. This will be repeated to get constant 
reading. Then normality of sodium thiosiilphate will be 
calculated according to the following formula: 
Normality of thiosxolphate 
_ Normality of dichromate x Vol. of dichromate 
Vole of thiosulphate required 
Standardisation of metabisulphite solution 
25 ml of iodine solution (vii) will be taken in two 
250 ml conical flasks (A & B)o In A(blank) and B, 25 ml 
D.D.W. and 25 ml metabisulphate solution (x) will be added. 
After keeping flasks in dark for 5 minutes for reaction, 
titration will be done with sodium thiosulphite till colour 
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becomes faint yellow. 2 ml starch solution will be added 
and titration will be continued until blue colour disappears 
which was produced due to addition of starch. Titration 
will be repeated to get constant readings and normality 
of metabisulphite will be calculated according to the 
following formxila: 
Normality of metabisulphite solution 
_ (A - B) X N 
- Vm 
A - Volume of sodium thiosiolphate required for blank 
(flask A) 
B - Volume of sodium thiosulphate required for metabi-
sulphite (flask B) 
N - Normality of thiosulphate calculated earlier 
Vm - Volume of metabisulphite solution taken 
Working standard metabisulphite solution in absorbing media 
Now solution of metabisulphite will be prepared of 
such a strength so that 1 ml solution contains 10 ug of SOp. 
Total ug of SOp in metabisulphite solution will be calcixLated 
according to following fonoula. 
Y = Normality of metabisulphite x 32000 
Y - Total ug of SOp in metabisulphite solution 
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Now working standard will be prepared in 100 ml absorbing 
media such 1 ml = 10 ug SOp 
„ _ 10 X 100 
Z - ^ 
Z - the volume of metabisulphite required for dilution 
to 100 ml with absorbing media. 
Calibration of standard curve 
Working standard metabisulphite will be pipetted in 
graduated amounts (such as 0,1, 0.2, 0.3, Oo5, 0o7, Oo9» 1.0, 
1.1, 1.2, 1.5 ml which will contain 1, 2, 3, 5, 7, 9, 10, 11, 
12, 15 ug SOp respectively) into a series of impingers or 
graduated nessler tubes. Absorbing media will be added 
into tubes to make volume 10 ml. In the blanks 10 ml only 
absorbing media will be added. Then 1.0 ml sulphamic acid 
(ii) 2.0 ml formeldehyde solution (iii), 5.0 ml rosaniline 
hydrochloric solution (iv) will be added one by one, and 
after adding each, the solution will be shaken gently. 
After it the volume in each impinger will be maintained with 
D.D.W. to 25 ml. After 30 minutes but before 60 minutes, 
the transmittance will be determined at 550 nm in spectro-
photometer. A standard curve will be drawn between trans-
mittance and concentration of ug SOp* 
Estimation: 
10 ml of sampled absorbing media will be taken in 
impinger. Then 1 ml sulphamic acid, 2 ml formeldehyde 
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solutlon and 5 ml rosaniline will be added one by one and 
after adding each, the solution will be shaken gently. 
After 30 minutes but before 60 minutes transmittance will 
be determined at 550 nm in spectrophotometer. In the 
control (blank) in place of sampled absorbing media non-
sampled absorbing media will be taken. The ug of SOp will 
be determined by placing of transmittance ( %) in calibrated 
standard curve, the corresponding value (ug SOp) will be 
found out. SOp ug/m will be calculated according to 
following formula: 
SOp ug/m^ = , . .^ g ^ \ , ,..,, X 10^ 
^ volume of air sampled (lit) 
Volume of air sampled = Flow rate of air x time of sampling 
(minutes) 
ug of SOp/m-^  will be converted into ppm according to 
following formula: 
ppm = u^/m^ X 22400 
M X 10° 
M is the molecular weight of the pollutanto 
Analysis of nitrogen dioxide (NOo):-
NOp will be estimated by the analytical methodo 
The following reagents will be needed diaring this process* 
Absorbing Reagent 
4,0 g sodium hydroxide will be dissolved in distilled 
water followed by the additional 1«0 g sodium arsenite and 
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will be diluted to 1,000 ml. 
Sulfanilamide solution 
20 g sulfanilamide will be dissolved in 700 ml dis-
tilled waterc After that 50 ml concentrated phosphoric 
acid will be added with mixing and will be diluted to 1000 
ml, 
NEDA solution 
0o5 g of NEDA will be dissolved in 500 ml of dis-
tilled water, 
Hydrogenperoxide solution 
0,»2 ml of 30% HgOp will be diluted to 250 ml with 
distilled water. 
Standard nitrite solution 
Desiccated sodiiun nitrite will be dissolved in 
1000 ml solution with distilled water to make the solution 
containing 10 ug NOp/ml. 
Standard curve 
Oo5, 1.0, 1.5, 2,0, 2.5 and 3.0 ml solution will be 
taken into test tubes followed by the additional 1 ml H2O2 
solution, 10 ml sulfanilamide solution and 1,4 ml NEDA 
solution. Side by side the control will also be run. 
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Test tubes will be shaken and allowed to remain at stand 
for 10 minutes for the colour development. After that % 
transmittance (T) will be read at 540 nm at spectrophoto-
meter, A curve will be drawn between concentration and % T. 
Estimation; 
10 ml of sampled solution will be taken in the test 
tube. 1 ml HpOp solution, 10 ml sulfanilamide solution and 
1,4 ml NEDA solution will be added in the test tube. Side 
by side in control (blank) non-sampled absorbing media will 
be used. Test tubes will be shaken and allowed to remain 
at stand for 10 minute for the development of colour. Then 
transmittance (%) will be taken at 540 nm. And the concen-
tration of NOp will be estimated from the standard curve. 
Now ug NOp/m-^  will be calciolated according to the following 
f ormiila: 
, ug of NOp , 
ug of N02/m^ = X 10^ 
Volume of air sampled (lit) 
Analysis of ammonia (NH^ z) :-
Reagents 
i) Absorbing Media 
2,3 ml of concentration H2S0^ (18 M) will be diluted 
in 1 lit distilled water to obtain 0,1N H2S0^, 
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ii) Nesseler's Reagent (BDH) 
Standard dilution, 
iii) Stock ammonium chloride solution 
8,814 g enhydrous NH,C1 will be dissolved in 1 lit 
ammonia free water. One ml of this solution will contain 
1.22 mg NHy 
iv) Standard NH^ C^l solution 
10 ml of stock NH, CI solution will be diluted with 
ammonia free water to make volume upto 1 lit. One ml of 
this solution will contain 
1 ml = O0OI22 mg NH3 
1 ml = 12o2 ug of NH^ 
Galiberation of Standard Curve 
0.1, 0.3, Oo5, 0o7, I0O, 1,2, 1o5, 1,8, 2.0,2,3 
and 2o5 ml of standard NH^Cl solution which will contain 
1«2, 3.6, 6,0, 8.4, 12.0, 14,4, 18, 21,6, 24.0, 27o6 and 
30.0 ug of NH-2 respectively will be pipetted into impingers 
separately. Then 20 ml absorbing media will be added in 
each impinger. After that 2 ml Nesseler's reagent will be 
added in each impinger and the level of solutions in the 
impingers will be brought to 25 ml by adding absorbing media. 
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After adding the Nesseler's reagents, impingers will be 
left for 30 mino for colour development. Appearance of 
yellow colour will indicate the presence of NH,o In blank 
all the solutions will be added except the standard solution 
of NH/^ Cl, After 30 minutes transmittance in spectrophoto-
meter will be determined at 440 nin of each impinger. Then 
a curve will be drawn between transmittance (%) and concen-
tration of NH,. 
3 
Estimation; 
20 ml sample will be taken in impinger and 2 ml 
Nesseler*s reagent will be added and final volume will be 
brought to 25 ml by adding more sample. After 30 minutes 
the transmittance (%) will be determined in spectrophoto-
meter at 440 nm and by placing the transmittance in standard 
calibrated curve, the corresponding value (ug of NH-,) will 
be found out. ug of NH^ /m-^  will be calcxilated according 
to following formula: 
/ 3 ug NH, 3 
NH,ug/m^ = 2 X 10^ 
Volume of air sampled (lit) 
Analysis of ozone (0^):-
0, will be estimated by Alkaline KI method 
Absorbing medium 
40<>0 g of NaOH will be dissolved in distilled water 
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and 10,0 g KI will be mixed to it and the volume will be 
made upto 1 lit. 
Acidifying reagent 
5oO g of sulphamic acid will be dissolved in 100 ml 
distilled water and after that 84 ml of 85% phosphoric 
acid will be added to it. The volume of mixture will be 
brought to 200 ml with distilled water. 
Stock potassium iodate solution 
0,15 g KIO, will be dissolved in 500 ml of distilled 
water in a volumetric flask. 
Standard (KIO^) 0, solution 
12,5 ml of stock KIO, solution will be taken in 250 
ml volumetric flask and its volume will be brought to 250 
ml with double distilled water. 
Standard curve 
20 ml absorbing media will be taken in to each of 
the 7 test tubes. After that 0,2, 0,5, 1,0, 2,0, 3.0, 4.0 
and 5«0 ml standard 0, (potassium iodate) solution in 
test tubes respectively. Then 4 ml acidifying reagent will 
added with immediate mixing. After that volume of each 
tube will be made upto 30 ml with distilled water. After 
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waiting for 10-12 minutes the % transmittance will be read 
at 355 nm, and the standard calibration curve between % 
T and corresponding value of 0^ will be prepared. The 
blank (control) will also run side by side. 
Estimation; 
20 ml sampled solution will be taken into a tube. 
The blank (control) will have non-sampled 20 ml absorbing 
media. Then 4 ml acidifying reagent will be added in each 
tubes with immediate shaking. After 10-12 minute gap the 
% T will be read at 355 nm. The corresponding value of 
0:r will be read from standard curve. 
Partictilate matter;-
In particulate air pollutants, particvilate matter 
fall and suspended particulate matter will be determined. 
Particulate matter fall: 
The amount of particulate matter fall during a fixed 
period of time will be determined as given below. 
Weight of an over-dried glass jar (W^) will be 
determined. The jar will be placed at the sampling site 
on a stand 1 m above the ground and will be guarded by grill 
frame. The upper portion of the jar as well as of grill 
frame will be kept open to allow dust fall. In the jar 
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1 lit distilled water will be added. This volume will be 
maintained in jar for one month. After one month jar will 
be brought to the laboratory and its water will be evapo-
rated by keeping in an oven. Then the weight of the jar 
having particulate matter (W2) will be taken. The total 
dust fall will be calculated by the following formula. 
(A) Total dust fall in one month = W2 - W^  
Generally dust fall rates are expressed in terms 
of metric tons per square kilometer per month. This will 
be calculated according to following formula. 
Dust fall rate = 4 x 10^ x A / d^  
A is weight of dust fall in gram in one month 
d = diameter of jar 
Suspended particulate matter (SPM): 
Amount of SPM (g) per meter cube of air will be 
determined either by High Volume Air Sampler or Handy Air 
Sampler. The weight of Whatman microfilter paper of grade 
GF/A of specific size will be taken after putting it into 
desiccator for 12 h (W^), Then the filter paper will be 
fitted in air sampler at the sampling site. Air sampler 
will be run for 4-8 hours depending upon the apparent 
concentration of SPM. After sampling filter papers will 
be carefully folded and placed into envelopes and brought 
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to the laboratory. Again weight will be taken after keeping 
in desiccator for some time (Wp). Suspended particulate 
matter per cubic meter of air will be calculated according 
to following formula: 
Weight of SPM in g (W) = W2 - W^  
SPM g/m^ = X 10^ 
Volume of air sampled (lit) 
Physical and Chemical Properties of Soil 
In order to assess the effect of air pollution on 
the characteristics of soil, soil samples will be collected 
from polluted and unpolluted areas. Soil samples will be 
collected with the soil augar from surface to 1 feet depth, 
randomly from the different sites, throughout the polluted 
areas and unpolluted areas. The soil samples collected in 
polythene bags and properly labelled will be brought to the 
laboratory for further testing. The samples will be 
analysed to determine the following characteristics (Jackson, 
1958; Chopra and Kanwar, 1976). 
Soil texture :•-
International pipette method will be employed to 
determine the soil texture, 10 g of soil treated with H2O2 
and 0,2 N HCl will be dispersed in water using 50 ml 
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sodiumoxalate (8 g/lit) as dispersent. Then it will be 
passed through different mesh sieves. The percentage of 
coarse, medium and fine sand will be calculated from the 
weight of the residues left behind on 25» 72 and 200 mesh 
sieves. The suspension will then be diluted to 500 ml 
and transfered to the graduated boiling tube which will be 
immersed in a constant temperature water bath at 25''C(+_1), 
10 ml of samples pipetted out carefully at specified inter-
vals of time (4 minute and 8 second, 46 minute, 6 hours and 
5 minutes) from the depth of 10 cm will be dried and 
weighed. The percentage of medium silt, coarse silt and 
clay will be calculated from the weight of the residues. 
Water holding capacity:-
For determining the water holding capacity, air dried 
soil will be crushed in. a porcelain mortar and passed 
through a small sieve of 1,5 m holes. After complete crush-
ing, the coarse particles from the sieve will be mixed with 
finer particles. The weight of a circular brass box with 
perforated bottom having filter paper on bottom will be 
taken. After taking the weight of empty box with filter 
paper (¥>.), it will be filled with soil. The box with soil 
will be placed in hot air oven for complete drying of soil. 
After drying again weight will be taken (W2). Now this 
will be submerged in a petridish 1/4 containing water and 
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will be left for 12 hours. After this period, thi; bo>: /.'ill 
be gently taken out from the petriuish, excess v/ater will 
be allowed to evaporate at room te: .uer;: Lure and will be 
weighed (W,). 
Water holdin:', capacity 
W2 - W^  
Soil porosity (Pore space):-
It will be determined by the following formula: 
100 (true specific gravity-apparent speci-
Soil porosity = fie gravity) 
True specific gravity 
Apparent specific gravity (Bulk density) is the mass of 
soil per unit volume and porosity of soil is the fraction 
of soil volume not occupied by soil particleso 
Procedure; 
The weighing bottle of about 50 ml capacity will be 
weighed first prior to filling with soil, then it will be 
flushed up to the brim tapping to bottle about 20 times and 
the bottle will be weighed again. After removing the soil 
the bottle will be filled with water, the volume of water 
needed will be noted. The apparent or bulk density will 
be obtained by dividing the weight of the soil with volume 
of the soil. 
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True specific gravity (Particulate density) of soil 
is the average density of soil particles. The following 
method will be followed for its measuremento 
Procedure 
Already weighed 100 ml specific gravity bottle v/ill 
be filled with water and weighed again. 10 gram of air 
dried soil will be taken into a small beaker and few ml 
of water will be added followed by boiling for short time. 
Now water will be taken out from the bottle and the soil 
will be transfered into the bottle. After cooling the 
bottle at room temperature, it will be filled with water 
and weighed again. 
True specific gravity _ Weight of soil 
(Particulate density; Weight of water displaced 
by soil 
After determining the apparent and true specific 
gravities, soil porosity will be calculated. 
Total organic matter or humus;-
The humus content of the soil will be estimated by 
oxidising or burning the organic matter present in the soilo 
For this, oven dried soil in crucible, after weighing will 
be kept in high temperature oven (500*0) for one hour. After 
that the cooled soil will be again weighed. The difference 
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in the weight of oven dried soil and oxidised or burned soil 
will be the amount of organic matter present in particular 
soil sample. 
£H ;-
Soil pH will be measured by preparing soil suspension 
in water in the ratio of 1:10, First the sampled soil will 
be crushed and thoroughly mixed. Then 10 g of soil will be 
taken with 100 ml double distilled water in 250 ml conical 
flask and will be agitated for one hour. After it will be 
filtered with filter paper and filtrate will be used for 
the measurement of soil pH by glass electrode. 
Conductivity; 
For measurement of soil conductivity, 50 g thoroughly 
crushed and mixed soil sample will be taken, with 100 ml 
distilled water in 250 ml conical flask. It will be shaken 
for 20 h or over nighto The suspension will be filtered 
later on. Conductivity cell will be rinsed with distilled 
water and then twice with soil water suspension. Cell will 
be dipped in the solution so that the electrodes will be 
immersed. Galvanometer or magic eye of the conductivity 
meter will be balanced and conductance will be directly 
read. Temperature will be maintained and will be correlated 
with the table. 
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Cation exchange capacity;-
The capacity of the exchange of equal amount of 
cation from soil solution is known as cation exchange 
capacity (C.E.C.). For knowing the C.E.C. of the soil 
samples, 10 g of soil will be treated with sufficient amount 
of 0.1N HCl. After half an hour the soil will be filtered 
with several washing till the removal of all acidity. Then 
soil will be kept in saturated solution of KCl for 15 min, 
then, after half an hour, it will again filtered and the 
fliterate will be titrated with standarized OolN NaOH 
solution, 
C.E.C. = ^ ^0^^^ meg/100 gm of soil 
Y = Volume of 0,1N NaOH used. 
Total carbonates and bicarbonates:-
Total carbonates and bicarbonates will be estimated 
by the common procedure. 100 gm of soil will be mixed with 
50 ml of distilled water and after settling it will be 
decanted in a conical flask. Then 5 drops of phenophthlein 
will be added in the flask; the pink colour developed will 
indicate the presence of carbonates and bicarbonates. Then 
0,1N H2S0^ will be added till the colour disappears. Then 
few drops of methyl red indicator will be added in the flask 
and will be titrated till the colour will not change from 
yellow to rose red. 
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The carbonates and b i ca rbona te s w i l l be c a l c u l a t e d 
from the r e a d i n g . 
V^  = volume of O0IN HpSO, used with phenophth le in 
Vp = vol lime of OdN HpSO- used with methyl red 
Carbonates; 
2 V^ X O0I 
Normality of soil solution = 
(N^) 50 
Total carbonates = eq. wto x normality (N^) of CO^ 
Bicarbonates; 
(Vp - V.) X 0.1 
N2 = — ^ ' 
"^  50 
Total bicarbonates = eq, wt. x normality of HCO^ 
Sulphate t 
For estimation of sulphate in the soil samples, 50 ml 
clear soil extract will be taken into a clean beaker. Then 
extract will be boiled after adding 5 ml cone, HCl, 5% BaClp 
will be added drop by drop till whole of the sulphate will 
be precipitated (20 ml solution will be sufficient). Contents 
of the beaker will be stirred for 30 min and then will be 
allowed to stand for some time. Then it will be filtered 
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through Whatman NOo42 filter paper and will be washed with 
hot water, free from chloride. Precipitate will be dried, 
ignied and weighed and will be calculated according to 
following equation, calculations. 
Wt. of the crucible = W-| 
Wt« of the crucible + BaSO^ = W2 
Wt. of BaSO^ = W2 - W^  
(W2-W^) X 96 
Wt. of SO^ 
233 
(W2 -W^) X 96 X 500 
% of sulphate in soil = 2^^ x 50 
Survey and Collection 
The survey will be conducted in the air polluted and 
unpolluted areas around the Thermal Power Plant, Kasimpur 
(Aligarh) during Kharif and Rabi crop seasons to assess the 
incidence and intensity of root-knot disease and root-nodule 
bacteria on some pulse crops. The t3rpes of observations to 
be made and this recording is given in the proforma I. 
Root-knot nematodes;-
During the survey about 10 samples (shoot + root) 
of different pulse crops will be collected randomly from 
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Proforma - I 
Topic; Studies on interaction of air pollutants and root-knot 
nematodes in crop patho-system 
Department of Botany 
A.M.U., Aligarh-202002 
Date 
Collection No, 
Locality 
Place 
Crop 
Cropping pattern 
Name of other crop 
Previous crop 
Level of pollutants 
Type of pollutants 
Village Distt, 
Age of crop 
Single/mixed 
Particiilates and gaseous/gaseous 
Direction of place from source- Eastward/Westward 
No, of sample collected •»—— Infectd Uninfected 
Meloidogyne 
Frequency 
_, No, of root-galls 
. Gi EMI 
No, of Rhizobium nodules Functional Nonfunc ti onal 
%age of functional nodules 
General crop condition 
Remarks:-
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fields in different areas in both polluted and unpolluted 
areas. The samples collected in polythene bags will be 
properly labelled and brought to the laboratory for further 
examinations. The root samples will be thoroughly washed 
and examined for the presence of galls and bacterial nodules. 
Number of galls and egg masses per root system will be counted, 
The gall index (GI) and egg mass index (EMI) will be rated 
according to the following scale. 
0 = 0, 2 = 1-2, 2 = 3-10, 3 = 11-30, 4 = 31-100 
and 5. = grater than 100 galls or eggraasses/root 
system (Taylor and Sasser, 1978). 
To assess the incidence of disease in different area, 
frequency of occurrence (percentage) of the disease in both 
the areas on pulse crops will be calculated by the following 
formula: 
Frequency of ^ Number of fields with infection ^ ^^^ 
occurrence {%) ^^^^^ ^^ ^^ ^^ l^ ^^  surveyed 
Similarly frequency of occurrence of disease on a particular 
crop in all the localities will be calculated as follows: 
Frennpnrv of Number of root samples of a crop 
!^ '^ ,^'^i!!^jy °Lx = with infection ^ .^^ 
occurrence {%) x 100 
Number of root samples of the 
crop examined 
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Frequency of occurrence of the disease and gall and 
eggmass indices (GI and EMI) will be used as criteria to 
understand the incidence and intensity of the disease on 
different crops and in different areas. After indenti-
fication of the species persent, occurrence of a species 
on different crops and in both polluted and unpolluted areas 
will be also computed. The incidence and intensity of the 
disease and number of species present in polluted areas will 
be compared with those of unpolluted areas to assess the 
impact of ambient air pollution on root-knot disease. For 
identification of species of root-knot nematodes, pure 
culturing of the species from collected samples will be 
done as given below. 
Pure culturing; 
Pure culture of the species of root-knot nematode 
encountered during the survey will be raised and 
maintained in greenhouse. In order to make pure culture 
of root-knot nematode, single eggmass inoculation will be 
made in pots having sterilized soil around the roots of 
young tomato or eggplant seedlings for each species in 
glasshouse, Sub-culturing will be done approximatly every 
2 to 3 months by inoculating new tomato or eggplant seedlings 
with atleast 15 eggmasses, each obtained from the pure 
culture in order to maintain sufficient inoculum for further 
studies. 
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Preparation of Inoculum; 
For conducting experiments with root-knot nematodes, 
inoculations of plants will be done by using second stage 
juveniles (J^). Second stage juveniles will be obtained 
by incubating egg masses collected from roots of tomato 
or eggplant maintaining pure population of the root-knot 
nematode species in sterilized water at 25''C, After 72 h 
number of the hatched juveniles (Jp) per ml will be stan-
darized by counting the ten, 1 ml samples and the average 
number will be used to represent the number of juveniles per 
ml. 
Identification of species and races;-
Samples collected during the survey will be processed 
for the identification of species and races of the root-knot 
nematodes. The characteristics of perineal patterns of 
females will be employed for preliminary identification of 
the species present in the field samples. Ten to twenty 
perineal patterns from each field sample will be prepared to 
identify the species. The root-knot nematode present in 
the field samples will be maintained in greenhouse in 
separate pots as mentioned earlier. The differential host 
test will then be conducted, which will differentiate the 
known races of M.incognita, M.arenaria and will also confirm 
the identity of four most common species (Table 11). 
•io; 
Perineal pattern method; 
To identify the species of Meloidogyne mature 
females will be dissected out from large galls on the roots 
of tomato or eggplants. Ten to twenty perineal patterns 
will be prepared from each inoculum or sample. Perineal 
patterns will be viewed under the microscope to study their 
characteristics. The species will be identified on the 
basis of characteristics of perineal patterns (Eisenback 
et al., 1981). 
Differential host test; 
North Carolina differential host test (Taylor and 
Sasser, 1978) will be carried out to determine the species 
and races of Meloidogyne collected during the survey and 
maintained in glasshouse. Seedlings of tomato cv. Rutgers, 
tobacco cv, NC95» pepper cv, California Wonder, peanut cv, 
Florrunner, watermelon cv, Charleston Grey and cotton cvo 
Deltapine 16 will be grown in clay pots having sterilized 
soil in triplicate. Two additional replicates of tomato 
would be included to determine the time of termination of 
the test. 
After determining the number of juveniles (J2) per 
ml, plants will be inoculated with 5,000 Jp/plant per pot. 
Juveniles will be added to a depression made in the soil at 
the time of transplanting. Inoculated plants will be kept 
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at glasshouse benches (27-30*C). Fifty to sixty days after 
inoculations root will bo harvested and thoroughly washed 
with tap water and examined for the presence of galls. Roots 
with very light infection will be stained with Phloxine B 
to determine the number of eggraasses. Galls and eggmasses 
will be counted and GI and EMI will rated on 0-5 scale. 
(Taylor and Sasser, 1978), 
After the rating of root system, results will be 
compared with the differential host test reaction chart 
(Table 11). This would distinguish the species or races 
of Meloidogyne. 
Fecundity; 
The number of eggs per eggmass is known as fecundity. 
It will be measured by shaking vigorously 10 eggmasses with 
5.25% NaOCl solution. The eggs will be separated from 
eggmass and collected over 500 mesh sieve. From the sieve 
the eggs will be transfered into a beaker, Oo35% acid 
fuchsin (in 25% lactic acid) will be added into 20 to 25 ml 
of suspension with boiling for 1 minute, for staining the 
eggs. After cooling the eggs will be counted and the eggs 
per eggmass will be calculated to find out the fecundity* 
Morphometrical studies; 
For the morphometrical studies, the mature females 
of root-knot nematodes will be excised from the infected roots, 
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The excised female will be examined under the microscope 
and following parameters will be taken into consideration. 
Length of the body 
Width of the body 
Length of the neck 
Width of the neck 
Length of the stylet 
Hight of median bulb 
Width of median bulb 
Root-nodule bacteria; 
The functional and non-functional root-nodules per 
plant present in the field samples collected during the 
survey will be counted. The pinkish healthy nodules will 
be taken as functional and others as non-functional. The 
counting of nodules will be done in all the samples 
irrespective of root-knot nematode infection. The count-
ings from polluted areas will be compared with the samples 
collected from unpolluted areaso 
Isolation of Rhizobium; 
After washing the root system of plant in running 
water, a well formed healthy pinkish nodule on the tap root 
will be carefully cut out with a portion of root attached 
to the nodiole. The nodule will be surface sterilized for 
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5 minutes in 0,1% mercuric chloride, in water and repeatedly 
washed with sterile water to remove the chemical. The 
nodule will then be washed in 70% ethyl alcohol for 3 minutes 
followed by more washing with sterile water (Ash and Allen, 
1948), The nodule will be now crushed with sterile glass 
rod in a small aliquot of sterile water. This will be 
further diluted for obtaining clear and distinct colonies, 
Congo red yeast-extract raannitol agar medium (CRYMA) will 
be used for isolation. The constituents of the medium are 
as follows: 
Mannitol 10.0 g 
K2HP0^ 0.5 g 
MgSO^.THgO 0.2 g 
NaCl 0.1 g 
Yeast extract 1.0 g 
Agar agar 20.0 g 
D.water 1000 ml 
Congo-red 2.5 ml of 1% solution 
1 ml of the dilution will be added each petriplate con-
taining 15 ml of CRYMA medium. The pertiplates will be 
incubated at 30^ 'C (+_2) for one week. Distinct white, trans-
luscent, glistening, elevated colonies of Rhizobium 
developing on the media will be picked up and purified by 
reculturing. 
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Plant testing: methods (Rao, 1975) 
As variations are found in strains of Rhizobium, 
it is necessary to determine the ability of a particular 
isolate to produce nodules on a suitable host legume. 
Similarly it is also essential to know if the nodules 
possess efficient nitrogen fixing ability. This will be 
ascertained by growing plants on agar slants containing 
nitrogen-free medium and inoculating them with the desired 
isolates. At regular intervals, seedlings will be fixed 
in U-% formalin and be examined later under a microscope 
for infection threads in root-haris and emergence of nodule 
primordia on roots. Depending on the extent of infection, 
isolates may be rated for virulence. 
In another set, the experiment will be continued 
for several weeks for obtaining the effectiveness of 
Rhizobium isolate by examining the dry weight of the plantso 
The dry weight of plant is proportional to its N-content 
(Erdman and Means, 1952),, During the experiment the moisture 
content of the culture tube will be checked at the regular 
intervals and the nutrient solution may be changed when 
would be necessary. 
Nitrogen free nutrient media-
(Jensen, 1942) 
CaHPO^ 1.0 g 
K2HP0^ 0.2 g 
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MgS0^o7H20 
NaCl 
FeCl3 
Agar a g a r 
D i s t i l l e d w a t e r 
PH 
Pure c u l t u r e of Rhizobium: 
0 . 2 g 
0 . 2 g 
0 .1 g 
8 .0 g 
1000 ml 
6 . 8 
Normally yeast extract mannitol agar (YMA) is used 
for pure culturing of Rhizobium (Fred jet al_., 1932). 
Rothamsted collection of Rhizobium (RCR) have modified it 
slightly. The compositions of YMA is as-
K2HP0^ 
MgS0^.7H20 
NaCl 
M a n n i t o l 
Y e a s t e x t r a c t 
Agar a g a r 
D , w a t e r 
pH 
0 . 5 g 
0o2 g 
0 . 1 g 
1 0 . 0 g 
0 . 4 g 
1 5 . 0 g 
1000 ml 
6 . 8 - 7 . 0 
The medium will be autoclaved at 15 lb. p.Soi. 
(121 **C) for 20 minutes. Then media will be poured in 
sterile petriplates. After solidification of medium, the 
tested Rhizobium isolate will be inoculated in the plates 
in aseptic condition. After inoculation the petriplates 
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will be kept at 30*'C (+_2) in an incubatoro The colonies 
will grow in about seven days. The culture can also be 
dope in culture tubes containing YMA slanto 
Soil based culture; 
For inoculating the legximes in. fields and pots, the 
soil based culture of Rhizobium will be used for seed dress-
ing prior to sowing» 
For culturing Rhizobium in soil, the soil and compost 
in the ratio 1j1 will be used. 1 kg of soil compost mixture 
will be autoclaved and the pH will be maintained at 7 by-
mixing 10 gm of CaCO,. After that 10 gm sugar (commercial) 
and 0,5 gm KpHPO^ ^ will be added in soil compost mixture. 
Then pure culture of Rhizobium on YMA will be mixed thoroughly, 
This mixture of Rhizobiiim and soil compost will be used for 
inoculating the seeds of particular pulse before sowing, 
Rhizobium inoculation; 
Rhizobium inoculation will be done prior to seed 
sowing. For inoculation soil based culture of Rhizobium 
will be used. Commercial sugar and water will be added 
in the soil based culture with thorough mixing. The pulse 
seeds will be treated with this mixture followed by the 
drying in shade for about half an hour before sowing. 
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Impact of Ambient Air Pollution on Pulse Crops 
For assessing the effect of air pollutants on various 
pulse crops, 10 plant samples from each field will be collec-
ted from the several sites and different distances around the 
pollution source. Similar samples will also be collected 
from the zone demarcated as unpolluted. The samples will be 
kept in polythene bags and will be properly labelled. The 
general crop condition of particular collection site will 
also be noted (proforma I), In laboratory the root system 
of each plant will be thouroughly washed to remove the soil 
particles. For plant growth and biomass, length of shoot 
and root, and weight of fresh and dry plant material will 
be determined for each sampleo 
Air Pollution Symptoms 
Plants collected during the survey (for detecting 
incidence and intensity of root-knot nematodes and root-
nodulation and for determining the impact of ambient air 
pollution on the pulse crops) will be invariably examined 
closely in the laboratory for detecting symptoms known to 
be caused by various air pollutants on plants. If present, 
symptoms will be matched with the symptoms given in "Recog-
nition of Air Pollution Injury to Vegetation: A Pictorial 
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Atlas" (Eds, S.Jacobson and A.C.Hill), Air Pollution Control 
Association Pittsburg, Pensylvanin, 1970. The details will 
be noted and photographed. 
Plant Analysis 
Analysis of plant samples collected during survey 
and plants from site and glasshouse experiments will be done 
for estimating chlorophyll*nitrogen (N), phosphorus (P), 
potassium (K) and protein contents. 
Estimation of chlorophyll content;-
Chlorophyll contents of the plants samples collected 
during survey and of the site and glasshouse experiments will 
be estimated. For chlorophyll* estimation 1 g of the inter-
veinal region of the leaves will be ground in 40 ml 80% 
acetone with the help of mortar and pestle. The suspension 
will be decanted in buchner funnel having two whatman paper 
no,1. Then filtration will be done with the help of suction 
pump. The residue will be groiind thrice adding with 30, 20 
and 10 ml of acetone respectively. The suspension will be 
decanted in buchner funnel and filtered in vaccum. At last 
mortar and pestle will be rinsed with 80% acetone, transfe-
rred in buchner funnel an: filtered in vaccum. The filtrate 
will be transferred in 100 ml volumetric flask and the volume 
will be made upto capacity. The transmittance will be read 
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at 645, 663 and 652 nm at spectrophotometer. The chlorophyll 
a,b and total chlorophyll will be calculated accordingly by 
using optical density, (O.Do) (by using % transmittance) 
(Mackinney, 19^1). 
Chi, a in fresh tissue = 12,7(0«D.663)~2.69(0.D.635)x ^ 
Chi. b in fresh tissue = 22.9(0.D.645)-4.68(0.D.663)x 
lOOOxW 
V 
lOOOxW 
Total chl. in fresh tissue 
= 20,2 (0.D.645) + 8,02 (O.D.663) x ^^QQ ^ ^ 
Estimation of NPK;-
For estimation of NPK leaf samples will be digested 
as given below. 
Digestion of leaf samples; 
Leaf samples from the survey, site and glasshouse 
experiments will be digested first according to the following 
method: 
100 mg of oven dried leaf powder will be transferred 
in 50 ml Kjeldhal flask, then 2 ml of chemically pure HpSO-
will be added and flasks will be heated on KJeldhal assembly 
for about 2 hours, till the dense fumes has given-off and the 
contents has turned black. Then Oo5 ml of pure 30% H^Op 
will be added after 15 min of cooling. Now heating will be 
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done again till the colour is changed into light yellowo 
It will be heated again for half an hour and after which 
flask will be cooled for 10 min for getting extract clearo 
Then 3-A drops of 30% HpOp will be added dropwise followed 
by heating for 15 min. After that digested material will be 
transferred in 100 ml volumetric flask with 3-4 washing and 
the volume will be made upto capacity. This digested material 
will be used for estimating N,P,K etc. present in the leaf 
(Linder 1944; Lundegardh, 1951)-
Nitrogens-
Prior to estimating N content present in the 
digested material of leaf, standard curve will be drawn by 
the following procedure, 
0,236 g of ammonium sulphate will be dissolved in 
100 ml of solution, then Oc1, 0.2, 0.3, 0,4, 0,5, 0,6, 0.7, 
0,8, 0,9, 1,0 ml solution will be poured in 10 test tubes 
respectively. The volume will then be made upto 5 ml in 
each test tube by adding distilled water. A control will 
also be run side by side. After that 0,5 ml Nessler's 
reagent will be added followed by 5 ml of distilled water. 
The % transmittance will be read at 525 nm from spectro-
photometer on developing yellow orange colour after half 
an hour. Then a curve will be drawn on graph between con-
centration and O.D. 
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Estimation; 
10 ml of aliquot (digested leaf material) will be 
taken in 100 ml volumetric flask and 2 ml, 2.5N NaOH will 
be added to neutralize the excess amount of acid present, 
1 ml of 10% sodium silicate will also be adued to prevent 
turbidity. Then volume will be made upto capacity. 5 ml 
of aliquot will be taken in three test tube;.; foljovved by 
addition of 0,5 ml of iMessler's reagent with shaking, then 
10 ml volume will be made by distilled water. After wait-
ing for 5 min the % transmittance v/ill be read at 525 nm. 
Then the O.D. will help in reading the concentration from 
the standard curve (Linder, 194A). 
Phosphorus;-
At first a standard curve will be prepared. Diffe-
rent concentrations of KHpPO^ solution ranging from 0.1 to 
1 ml will be taken in 10 separate test tubes and the volume 
of each test tube will be maintained upto 5 ml. Then 1 ml 
ammonium molybdic acid and 0#4 ml of 1 araino-2-nepthol-4 
sulphonic acid in each test tube will be added followed by 
making the volume upto 10 ml with distilled water. After 
half an hour % transmittance will be read at 625 nm. Then 
standard curve will be drawn between concentration and O.D. 
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Estlmatlon; 
5 ml of aliquot (digested leaf) will be taken in 
three test tubes, to which 5 ml of distilled water will 
be added. After that 1 ml of ammonium molybdic acid will 
be added, with shaking, followed by addition of 0.2 ml 
1-amino-2-mep.h1hol4-sulphonic acid. The control will also 
run side by side. Percentage transmittance will be read at 
625 nm after half an hour. Concentration will be read from 
standard graph by using O.D, (Fiske and Row, 1925)o 
Potassium;-
Standard curve will be made by using the 10 ppm 
solution of KH2P0^, 1 ml, 2m, 10 ml, 10 ppm KH2P0^ 
solution will be pippetted in 10 ml graduated test tube and 
the volume will be made upto 10 ml with distilled water. The 
percentage emission will be read at 740 run by using flame 
photometer. The graph will be made between % emission and 
concentration. 
Estimation; 
1 ml of aliquot (digested leaf) will be suitably 
diluted with water, A blank will be run side by side which 
will have only distilled water. The reading will be taken at 
740 nm by flame photometer. Concentration of potassium 
present will be read by using standard curve. 
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Estimation of proteins;-
The protein contents of the pulses will be estimated 
by using the method given by Lowry et. al.., 1951« 
Followin£^  reagents will be prepared for estimating 
soluble and insoluble protein contents of pulse se^dso 
Reagent A - 2% sodium carbonate in 0«1N NaOH in ratio of 
1:1 
Reagent B - Oo3% CuSO^ in 1% sodium tarterate in ratio of 
1:2 
Reagent C - 50 ml reagent A + 1 ml reagent B 
(alkaline 
CuSO^) 
Reagent D - 50 ml of 2% sodium carbonate + 1 ml reagent B 
(Carbonate 
CuSO^ solu.) 
Reagent E - Follin's reagent diluted to make 1 N acid 
(Diluted 
Follin's 
reagent) 
Standard curve; 
Before actual estimation a standard curve will be 
prepared by dissolving 40 mg of egg albumin in Oo1N NaOH 
solution, the volume will be made upto 100 ml. From this 
solution, aliquots of 0.1 ml to 1 ml will be taken in 10 
test tubes. Reagent A will now be added to the test tubeso 
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After 10 min 0,5 ml reagent E will be added to the test tubes. 
The % transmittance will be read at 770 nm and standard curve 
will be drawn between O.D, and concentrations. 
Soluble protein; 
50 mg dry powder of seeds will be grouniJ with 5 ml 
of double distilled water in mortar and pestle. Then water 
extract will be decanted in centrifuge tube for centrifu-
gation at 400 rpm for 10 mine Then supernatent will be 
collected in 50 ml volumetric flask and residue will be 
retained in centrifuge tube for estimating insoluble protein. 
After making the volume upto 50 ml, 1 ml of water extract will 
be transferred in a 10 ml test tube followed by addition of 
5 ml of reagent C, After mixing, solution will be left as 
such for 10 minutes. Then 5 ml of reagent E will be added 
and mixed immediately. The control will be run along with 
experimental set. Percent transmittance will be read at 660 
nm after half an hour. The corresponding protein content will 
be measured, by using the standard curve. 
Insoluble protein; 
The residue retained in the centrifuge tube will be 
used for insoluble protein estimation. 5 ml of 5% trichlo-
roacetic acid will be added to the residue with shaking. 
After half an hour it will be centrifuged at 4000 rpm to 10 min. 
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The supernatent will be discarded. 5 ml of 1N NaOH will be 
added in the residue with vi-orous shaking. ^^ fter half an 
hour it will be again centrifuged and supernatent will be 
collected in 50 ml volumetric flask and volume will be made 
upto with IN NaOH. 
1 ml of this solution will be taken in test tube 
with 5 ml of reagent D followed by raixingo After 10 min 
0,5 ml of reagent E will be added with immediate mixing, 
1 N NaOH will be used in control. Percent transmittance will 
be read at 660 nm after 30 min. The protein content will 
be calculated by using the standard curve. 
Physiological Studies 
Physiological parameters i,e, rate of water absorp-
tion and transpiration will be studied in the plant samples 
collected from site and glasshouse experiments. 
Rate of water absorption;-
For measuring the rate of water absorption by the 
roots of plant, a wide-mouthed bottle with a graduated side 
tube will be used. The evaporation from side tube will be 
checked by adding few drops of oilo The rooted plant will 
be fixed in the mouth of the bottle through a hole in cork. 
The initial water level in tube will be noted. After a fixed 
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time water level reading will be again recorded. The 
difference in the water level:, wil] measure the amount of 
water absorbed by roots. 
Rate of tranplration;-
The rate of tranpiration will be measured by using 
Ganong's potometer. In case of small plants, whole of the 
stem and in case of bigger plants the twi^of equal size 
will be used, for measuring the rate of transpiration and 
for comparing with other plants, 
Histopathological Studies 
Histopathological studies of leaf and root of plant 
samples collected during the survey and plants from site and 
glasshouse experiments will be done. 
Preparation of leaf peeling;-
Leaf peeling will be prepared by the method given 
by Ghouse and Yunus (1972), The leaf portion in this method 
will be boiled in 40 or 60% HNO^ for 2-3 minute. When both 
the surface will be separated then the leaf peeling will be 
washed three times in water to remove the acid. After that 
the peeling will be transferred in 20% KOH for 15 minutes, 
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which will neutralize the acid. After wachin/.; the leaf 
peeling wi].l be ready for the staining process. 
Single staininj^  process; 
The washed leaf peels will be kept in 30% alcohol 
for 10 minute, after which it will be transferred in 50%, 
alcohol for 5 minute. Then after it will be stained with 
bismark brown (in 50% alcohol) for 12 hours. At the end 
of this period, the peels will be washed with 50% alcohol, 
3 times, with 5 minute intervals and will be passed through 
a series of 70%, 90% and absolute alcohol + xylene and 
xylene. The peeling will be mounted in Canada balsam. The 
slides will be ready for examination. 
Double staining process; 
Leaf peels washed in water will be treated with 
iron alum (2-3% in water) for 15 minutes. Then after, it 
will be washed 3 times in water. Dropwise hematoxylene 
will be added to water containing the peels. The peels 
will then be transferred to 30% and 50% alcohol for 10 and 
5 minute respectively. The peels will then be kept in 
bismark brown (50% in alcohol) for 12 hour. At the termina-
tion of this period, the same procedure of dehydration, 
clearing and mounting will be followed as described for 
single staino 
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Histopathology of roots;-
For histopatholOKical studies the infected roots 
will be processed as follows: 
The infected roots after being thoroughly washed, 
will be fixed in formol-acetic-alcohol (F.A.A.) for 48 h. 
After fixation,the material will be dehydrated by washing the 
tissue stepv/ise through increasingly higher concentrations 
of tertiary butyl alcohol series (Johansen, 19^0)o After 
dehydration the material will be embedded in paraffin wax. 
To ensure complete penetration of wax, the material will be 
changed twice through warmed paraffin. After cooling the 
wax, blocks will be made and these blocks mouted on block 
holder will be trimmed. The sections will be cut about 
12-20 u thickness with the help of rotary microtome. The 
paraffin ribbons containing sections will be mounted with an 
amount of albumin and glycerine dissolved in water on a 
clean glass slides. These slides will be put in incubator 
at 65"C for 1 h to melt the paraffin. It will be then passed 
through xylene in order to ensure complete removal of 
paraffin wax. After this the slides will be passed through 
descending ethanol series. Staining of sections will be 
done in safranine and fast green combination (Sass, 1951) 
and finally mounted in Canada balsam. 
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Slte Experiments 
1, Effect of ambient air pollution on the development 
of root-knot nematode and root nodulation on some selected 
pulse crops viz., pea (Pisum sativum L.), gram (Cicer 
arietinum L.) lentil.(Lens culinaris Medik.), cow pea 
(Vifina sinensis (L.) Saviex Piassak), and cluster bean 
(Cyamopsls tetragonoloba (L.) Taub) will be studied in pots 
to be kept in nethouses fabricated in polluted areas at two 
different distances i.e. 1 km and 3 km from the Kasimpur 
Thermal Power Plant (source of ambient air pollution). The 
following will be the treatments in the experiment, 
T>] = Control (crop plant) 
Tp = Crop plant + Rhizobium 
T^ = Crop plant + Meloidogyne incognita 
TA = Crop plant + Rhizobium + M.Incognita 
In another set of experiment, M.javanica will be 
used in place of M.incognita. 
Similar sets of the experiments will be conducted 
using the same treatments in unpolluted areao 
At the termination of the experiments, the effect 
of the ambient air pollution will be determined by using 
following parameters as described earlier: 
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Shoot length 
Root length 
Fresh ana dry weights of shoot 
Fresh and dry weights of root 
Number of flowers/plant 
Number of fruits/plant 
Gall index (GI) 
Egg mass index (EMI) 
Total number of nodules/root system 
Total number of functional nodules/root system 
Morphometerical studies of mature females of 
root-knot nematode 
Facundity (Number of eggs/eggmass) 
1 
Rate of transpiration 
Rate of water absorption 
Chlorophyll estimation of leaf 
Estimation of N P K 
Estimation of protein in seeds of pulses 
Leaf epidermal studies 
Histopathological studies of roots 
Glasshouse Experiments 
1, To study the effect of different doses of pollutants 
in the controlled polluted condition on root-knot nematode 
and root nodulation on some pulse crops (pea, gram, lentil. 
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cowpea and cluster bean) selected for site experiments will 
be carried out. The treatments,selected for the site experi-
ments will be conducted in dynamic state type exposure 
chambers (Figo '^ ,C) at different doses of SOp, NlUf 0^ and 
simulated acid rain. Side by side a set of all the treat-
ments will be carriea out under charcoal filtered air, 
which will serve as control. 
At the termination of the experiment the parameters 
taken into consideration for site experiments will be used. 
The methods are already described earliero 
2. ^ For ascertaining effects of particulate air pollutants 
on the development of root-knot nematodes and root nodulations, 
plants of pea, gram, lentil, cov/pea and cluster bern will be 
exposed to the particulate air pollutants (fly ash, coal dust) 
in the controlled condition. At the termina. on of the 
experiment, the parameters will also remain as given for 
site experiments, 
3. The effect of polluted soil on development of root-
knot nematodes and root nodulation on plants mentioned in 
1 for this study, soil (designated as polluted) collected 
from the closed vicinity of nethouses fabricated at the 
distances 1 km and 3 km from the Thermal Power Plant,Kasimpur 
will be used. Soil collected from unpolluted area will 
serve as control. The parameters similar to site experiments 
will be used at the termination of experiment for assessing 
the effects. 
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4o To study the effect of different doses of air 
pollutants on the growth of Rhizobium in aKar culture, the 
petriplates containing yeast extract mannj tol arar meditim 
(YI^) inoculated with Rhizobium wj.l] b!> exuosed to different 
doses of SOp and NH-^  in closed chambers. Petriplates will 
be incubated after the exposures in an incubator. At the 
end of the incubation period, Rhizobium colonies will be 
measured. 
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